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OCCUPATIONAL  EXPOSURE  TO  BENZENE 
Proposed  Standards  and  Notice  of  Hearing 

AGENCY :  The  Occupational  Safety  and 
Health  Administration,  Department  of 
Labor. 

ACTION:  Proposed  rule  and  notice  of 
hearing. 

SUMMARY:  The  Occupational  Safety 
and  Health  Administration  (OSHA».  in 
the  Federal  Register  issue  of  May  3, 
1977  <42  FR  22516*,  published  an  Emer¬ 
gency  Temporarj-  Standard  (ETS)  regu¬ 
lating  worker  exposure  to  benzene.  The 
basis  for  that  ETS  iwas  clinical  and  epi¬ 
demiological  data,  some  of  w'hich  was 
only  recently  received,  that  conclusively 
established  that  benzene  causes  leukemia 
in  humans.  By  this  notice,  OSHA  pro¬ 
poses  a  permanent  standard  for  the  reg¬ 
ulation  of  benzene.  The  proposed  stand¬ 
ard  provides,  as  does  the  ETS,  for  a 
permissible  employee  exposure  limit  of 
one  part  benzene  per  million  parts  of  air 
(1  ppm*  averaged  over  an  eight-hour 
period,  witlw  a  5  ppm  ceiling  limit,  and 
proposes  to  limit  eye  and  skin  ex()Osure. 
The  proposal  also  reouires,  among  other 
things,  measurements  of  employee  expo¬ 
sure.  certain  methods  of  compliance, 
personal  protective  equipment,  employee 
training,  work  practices,  medical  surveil¬ 
lance,  signs,  labels,  and  recordkeeping. 
The  permanent  standard  will  supersede 
the  existing  ETS  at  the  conclusion  of  the 
rulemaking. 

DATES:  Comments  and  Notices  of  Ap¬ 
pearance  concerning  the  proposed  rule 
must  be  postmarked  on  or  before  June 
27,  1977:  all  materials  which  will  be  in¬ 
troduced  into  the  hearing  record  mu.>t  be 
received  by  July  11,  1977;  an  informal 
hearing  is  scheduled  to  begin  July  19, 
1977. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Mr.  James  Foster,  Office  of  Public  Af¬ 
fairs,  OSHA.  Third  Street  and  Consti¬ 
tution  Ave,  NW,  Room  N3641,  Wash¬ 
ington,  D  C.  20210,  202-523-8151. 

SUPPLEMENTARY  INFORMATION: 

I.  Background 

In  the  Mav  3, 1977  issue  of  the  Federal 
Register,  OSHA  published  an  Emer¬ 
gency  Temporary  Standard  (ETS*  regu¬ 
lating  benzene  exposure  in  the  workplace 
<29  CFR  1910.1028*.  That  ETS.  and  the 
preamble  explaining  the  reasons  there¬ 
for,  are  incorporated  herein  in  their  en¬ 
tirety  and  annexed  hereto  for  the  con¬ 
venience  of  all  interested  parties.'  A 
correction  d(Kument  was  published  on 
May  10,  1977  (42  FR  23601).  In  the 
Federal  Register  for  May  24,  1977,  at  42 
FR  26429,  an  amendment  to  the  ETS  is 
published.  Pursuant  to  sections  6(b* ,  6(c) 


‘  See  Appendix  D. 


and  8<c*  of  the  Occupational  Safety  and 
Health  Act  of  1970  (the  Act)  <84  Stat. 
1593,  1596,  1599:  29  U  S.C.  655.  657).  the 
Secretary  of  Labor’s  Order  No.  8-76  <41 
FR  25059*  and  29  CFR  Part  1911.  it  is 
now  proposed  to  amend  Part  1910  of  29 
CFR  bv  revising  29  CFR  1910.1028  (42 
FR  22516*. 

This  proposal  applies  to  all  employ¬ 
ments  in  all  industries  covered  by  the 
Act  that  include  “general  industry,”  con¬ 
struction  and  maritime.  One  of  the  major 
issues  involved  in  this  proceeding  is 
whether  the  final  standard  should  ex¬ 
empt  certain  specified  operations  from 
its  coverage.  For  the  purpose  of  raising 
this  issue,  the  proposal,  as  drafted,  does 
not  cover  storage,  transportation,  dis¬ 
tribution,  dispensing,  or  sale  of  gasoline 
as  a  fuel  subsequent  to  discharge  of  such 
gasoline  from  a  bulk  terminal,  and  oper¬ 
ations  in  which  the  only  exposure  to  ben¬ 
zene  is  from  liquid  mixtures  which  con¬ 
tain  no  more  than  Q.\%  benzene  ,(1% 
benzene  during  the  first  year  after  the 
eflective  date  of  the  standard) .  The  ques¬ 
tion  of  whether  these  types  of  operations 
should  be  exempted  is  raised  herein,  and 
some  of  the  reasons  for  the  suggested 
exclusion  of  these  operations  are  set  out 
below.  If  the.se  operations  are  excluded 
from  the  final  standard  issued  as  a  result 
of  this  rulemaking,  they  would  still  be 
covered  by  the  existing  benzene  stand¬ 
ard  in  5  1910.1000.  OSHA  .seeks  public 
comment  and  evidence  on  these  issues. 

Other  mnior  issues  raided  in  the  pro¬ 
posal  on  which  comment  from  the  public 
is  requested  include  the  following: 

1.  Whether  the  proposed  permi.ssible 
exposure  limit  of  1  ppm  is  the  minimum 
feasible  exposure  limit  for  all  industries 
of  whether  a  lower  level  .should  be  re¬ 
quired  in  the  final  standard. 

2.  Whether  OSHA  should  consider  dif¬ 
ferent  levels  of  exposure  for  industries 
which  can  feasibly  reduce  these  levels  be¬ 
low  those  that  could  be  achieved  by  other 
industries. 

3.  Whether  the  ceiling  level  of  5  ppm 
and  the  prohibition  against  eye  contact 
and  repeated  skin  contact  are  sufficiently 
protective. 

4.  Whether  the  provisions  for  methods 
of  compliance,  regulated  areas,  medical 
surveillance,  personal  protective  equip¬ 
ment  and  clothing,  and  recordkeeping 
are  appropriate. 

5.  Whether  the  provisions  for  warning 
signs  and  labels  and  training-education 
program  are  appropriate  and  fully  ap¬ 
prise  employer  of  the  leukemia  hazard. 

6.  What,  if  any  hygiene  facilities,  such 
as  housekeeping,  waste  disposal,  clothing 
laundering,  should  be  required. 

7.  Whether  the  exclusion  of  activities 
related  to  storage,  transportation,  dis¬ 
tribution.  dispensing,  or  sale  of  gasoline 
as  a  fuel  subsequent  to  the  discharge  of 
such  gasoline  from  bulk  terminals  is  ap¬ 
propriate.  If  not.  w'hat  requirements 
should  be  instituted. 

8.  Whether  benzene  can  feasibly  be 
removed  from  solvents  and  other  prod¬ 
ucts.  and  what  exoosures  are  associated 
with  benezene  contents  below  1  % . 

9.  What  requirements,  if  any.  should 
be  established  where,  as  a  result  of  the 
medical' surveillance  program,  it  is  de¬ 


termined  that  an  employee  Is  at  an  in¬ 
creased  risk.  What  circumstances  would 
arise  if  a  rate  retention  reouirement  is 
subsequently  adopted  by  OSHA  for  gen¬ 
eral  application  in  health  standards. 

10.  What  are  the  environmental  and 
economic  impacts  of  this  proposal. 

11.  Whether  compliance  with  the  pro¬ 
posal  would  be  technologically  and  eco¬ 
nomically  feasible  for  all  affected  indus¬ 
tries,  and  particularly  for  employers  with 
small  numbers  of  employees. 

12.  How  protection  should  be  provided 
to  employees  where  there  are  potentially 
conflicting  standards.  For  example,  coke 
oven  workers  are  exposed  to  both  coke 
oven  emissions  and  benzene:  however, 
certain  provisions  of  the  standard  to  con¬ 
trol  exposure  to  coke  oven  emissions, 
such  as  the  respirator  requirements  may 
not  be  effective  in  controlling  benzene 
exposure  and  vice  versa. 

In  the  development  of  this  proposal, 
OSHA  has  considered  re'ommendations 
and  data  received  from  the  National  In¬ 
stitute  for  Occupational  Safety  and 
Health  (NIOSH) .  Department  of  Health, 
Education,  and  Welfare,  as  well  as  nu¬ 
merous  reference  works,  studies,  case  his¬ 
tories,  and  journal  articles,  some  of 
which  are  included  in  the  reference  sec¬ 
tion  of  the  ETS  The  discussions  in  the 
ETS  concluding  that  benzene  is  a  leuke- 
mogen  to  humans  will  not  be  repeated 
here.  However  OSHA  has  placed  into  the 
record  the  updated  NIOSH  report  of  the 
data  from  the  Goodvear  Tire  and  Rubber 
Company  (dated  April  28,  1977),  an 
earlier  version  of  which  was  referenced 
by  the  ETS  as  referen-e  51.  The  updated 
report  again  confirmed  the  findings  that 
the  workers,  exposed  to  benzene  during 
Pliofilm  operations,  had  at  least  a  seven 
times  increase  in  the  risk  of  contracting 
the  malignant  disease  leukemia. 

'  II.  Pertinent  Legal  Authority 

The  primary  purpiose  of  the  Act  is 
to  assure,  so  far  as  possible  safe  and 
healthful  working  conditions  for  every 
working  man  and  woman.  One  means 
prescribed  by  Congress  to  achieve  this 
goal  is  the  authoritv  vested  in  the  Secre¬ 
tary  of  Labor  to  set  mandatory  safety 
aiKl  health  standards. 

Occupational  safety  and  health  stand¬ 
ards  provide  notice  of  the  requisite  con¬ 
duct  or  exposure  level  and  provide  a 
ba.sLs  for  assuring  the  existence  of  safe 
and  healthful  workplaces.  The  Act  pro¬ 
vides  that: 

The  Secretary,  in  promulKatlng  standards 
dealing  with  toxic  materials  or  harmful 
physical  agents  under  this  subsection,  shall 
set  the  standard  which  most  adequately  as¬ 
sures.  to  the  extent  feasible,  on  the  basis  of 
the  best  available  evidence,  that  no  employee 
will  suffer  material  Impairment  of  health  or 
functional  capacity  even  if  such  employee 
has  regular  exposure  to  the  hazard  dealt  with 
by  such  standard  for  the  period  of  his  work¬ 
ing  life.  Development  of  standards  under  this 
subsection  shall  be  based  upon  research, 
demonstrations,  experiments,  and  such  other 
information  as  may  be  appropriate.  In  ad¬ 
dition  to  the  attainment  of  the  highest  de¬ 
gree  of  health  and  safety  protection  for  the 
employee,  other  considerations  shall  be  the 
latest  available  scientific  data  in  the  field,  the 
feasibility  of  the  standards,  and  experience 
gained  under  this  and  other  health  and 
safety  laws.  (Section  6(b)  (5)) 
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Sections  2(b>  <5>  and  (6).  20.  21.  22, 
and  24  of  the  Act  reflect  Congress’  rec¬ 
ognition  that  conclusive  medical  or 
scientific  evidence  including  causative 
factors,  epidemiological  studies  or  dose- 
response  data  may  not  exist  for  many 
toxic  materials  or  harmful  physical 
agents.  Nevertheless,  standards  cannot  be 
postponed  because  definitive  medical  or 
scientific  evidence  is  not  currently  avail¬ 
able.  Indeed,  standards  need  only  be 
supported  by  the  be.st  available  evidence. 
The  legislative  history  makes  it  clear 
that  “it  is  not  intended  that  the  Secre¬ 
tary  be  paralyzed  by  debate  surrounding 
diverse  medical  opinion.”  House  Com¬ 
mittee  on  Education  and  Labor.  Report 
No.  91-1291.  91st  Cong..  2d  Sessions,  p.  18 
(19701.  This  Congre.ssional  judgment  Ls 
supported  by  the  courts  which  have  re¬ 
viewed  standards  promulgated  under  the 
Act.  In  sustaining  the  standard  for  oc¬ 
cupational  exposure  to  vinyl  chloride  •  29 
CFR  1910.1017).  the  O.S.  Court  or  Ap¬ 
peals  for  the  Second  Circuit  stated  that 
“it  remains  the  duty  of  the  Secretary  to 
act  to  protect  the  working  man.  and  to 
act  even  iir  circumstances  where  existing 
methodology  or  research  is  deficient. 
Society  of  the  Plastics  Industry  Inc.  v. 
Occuptional  Safety  and  Health  Admin¬ 
istration,  509  P.  2d  1301  iC.A.2  1975). 
cert  den  .sub  nom.  Firestone  Plastic  Co.  v. 
United  States  Department  of  Labor.  95 
S.  Ct.  1998.  4  L.Ed.  2d  482  (1975). 

A  similar  rationale  was  applied  by  the 
U.S.  Court  of  Appeals  for  the  District 
of  Columbia  Circuit  in  reviewing  the 
standard  for  occupational  exposure  to 
asbestos  (29  CFR  1910.1001).  The  Court 
stated  that: 

Some  of  the  questions  Involved  In  the 
promulgation  of  these  .stand.rrds  are  on  the 
frontiers  of  scientific  knowledge,  and  con¬ 
sequently  as  to  them  ln.suflicient  data  Is 
presently  available  to  make  a  fully  Informed 
factual  determination.  Decision-making 
must  In  that  circumstance  depend  to  a 
greater  extent  upon  policy  judgments  and 
le&s  upon  purely  factual  judgments. 

Industrial  Union  Department,  AFL- 
CIO  v.  Hodgson,  499  P.  2d  467,  474 
(C.  A.  D.  C.1974). 

In  setting  standards,  the  Secretary  is 
expressly  required  to  consider  the  feasi¬ 
bility  of  the  proposed  standards.  Senate 
Committee  on  Labor  and  Public  Wel¬ 
fare.  S.  Rep.  No.  91-1282,  91st  Cong., 
2d  Sess.,  p.  58  (1970) .  Neverthele-'s,  con¬ 
siderations  of  technological  feasibility 
are  not  limited  to  devices' already  devel¬ 
oped  and  in  use.  Standards  may  require 
improvements  in  existing  technologies  or 
require  the  development  of  new  tech¬ 
nology.  Society  of  the  Plastic  Industry, 
Inc.  V.  Occupational  Safety  and  Health 
Administration,  supra  at  1309. 

Where  apprcjpriate.  the  standards  are 
required  to  include  provisions  for  labels 
or  other  forms  of  warning  to  apprise  em¬ 
ployees  of  hazards,  suitable  protective 
equipment,  control  procedures,  monitor¬ 
ing  and  measuring  of  employee  exposure, 
employee  access  to  the  results  of  moni¬ 
toring.  and  appropriate  medical  exam¬ 
inations.  Moreover,  where  a  standard 
prescribes  medical  examinations  or  other 
tests,  they  must  be  made  available  at 


no  cost  to  the  employees  (section  6(b) 
(7) ).  Standards  may  also  prescribe  rec¬ 
ordkeeping  requirements  where  neces¬ 
sary  or  appropriate  for  enforcement  of 
the  Act  or  for  developing  information 
regarding  occupational  accidents  and  ill¬ 
nesses  (.section  8(c)). 

HI.  Summary  and  Explanation  of  Ad¬ 
ditions  TO  OR  Modifications  of  the 

ETS 

The  requirements  imposed  by  OSHA 
in  the  ETS  were  tha  e  requirements  that 
OSHA  coiLsidered  essential  and  feasible 
for  employers  to  meet  immediately, 
pending  the  development  of  a  fiermanent 
standard.  The  preamble  to  the  ETS  ex¬ 
plains  the  purpose  and  rationale  for  the 
provisions  of  the  ETS.  The  following 
sections  discuss  any  changes  or  additions 
tliat  have  been  made  in  this  proposal, 
changes  or  additions  tliat  OSHA  be- 
lieve.s  are  more  appropriate  for  a  final, 
permanent  standard  reguLiling  em¬ 
ployee  exposure  to  benzene. 

A.  Scope  and  application.  In  the  ETS 
and  its  subsequent  amendments,  OSHA 
exempted  storage,  transportation,  dis¬ 
tribution.  disiiensing,  or  sale  of  gasoline 
as  a  fuel  subsequent  to  the  discharge 
of  such  gasoline  from  bulk  tcrmhials. 
and  exposure  to  liquids  containing 
benzene  in  amounts  of  1  percent  or  less 
by  volume. 

OSHA  recognizes  the  need  for  devel¬ 
opment  of  appropriate  equipment  con¬ 
trol  devices  to  reduce  the  loss  of  gasoline 
vapors  containing  benzene.  OSHA  also 
recognizes  that,  w'hile  the  scope  of  its 
statutory  obligations  may  be  different 
than  those  of  the  Environmental  Pro¬ 
tection  Agency  (EPA),  that  Agency  has 
a  rich  background  of  knowledge  in  the 
area  of  engineering  control  of  hydrocar¬ 
bon  vapors.  OSHA  announces  that  it  is 
in  the  process  of  establishing  with  EPA 
and  NIOSH  a  joint  federal  agency  task- 
force  to  c(X)rdinate  efforts  in  reducing 
worker  exposure  to  benzene  in  retail 
automotive  gasoline  stations,  and  cer¬ 
tain  other  aspects  of  transportation, 
storage,  distribution  and  sale  of  gaso¬ 
line  and  other  motor  fuels,  if  the  facts 
warrant.  OSHA  will  decide  as  a  part  of 
this  rulemaking  whether  to  include 
these  employers  in  the  final,  permanent 
standard  on  benzene,  to  commence  an 
Independent  rulemaking  proceeding  con¬ 
cerning  worker  exposure  to  bejizene  at 
these  workplaces  or  to  take  other  ap¬ 
propriate  regulatory  action  in  conjunc¬ 
tion  with  EPA.  OSHA  is  seeking  the 
widest  possible  public  input  regarding 
the  appropriate  regulatory  mechanism 
for  protecting  employees  exposed  to 
benzene  at  retail  automotive  gasoline 
stations,  and  during  activitie.s  related  to 
storage,  transportation,  and  distribution 
of  gasoline.  Since  other  hazardous  sub¬ 
stances,  such  as  asbestos,  are  present  in 
gasoline  stations,  one  regulatory  option 
would  be  a  “vertical”  standard  on  all 
occupational  hazards  in  retail  gasoline 
stations.  Moreover,  OSHA  desires  com¬ 
ment  on  whether  certain  protective  re¬ 
quirements  should  be  included  in  any 
standard  applying  to  gasoline  stations 
and  related  activities,  for  example  limit¬ 


ing  use  of  gasoline  as  a  solvent  in  such 
workplaces,  and  requiring  information 
and  training  of  employees. 

As  to  liquids  containing  a  certain  per¬ 
centage  of  benzene,  the  ETS  did  not  ap¬ 
ply  where  the  only  benzene  exposure 
was  from  liquids  containing  benzene  in 
amounts  of  1  percent  or  less  by  volume. 
Benzene  is  a  contaminant  as  well  as  an 
additive  in  a  multitude  of  industrial 
substances:  for  example,  benzene  is 
found  in  toluene,  gasoline,  xylene,  petro¬ 
leum  naphthas,  and  other  hydrocarbon 
derivatives.  The  degree  of  benzene  con¬ 
tamination  in  these  and  other  materials 
is  variable  depending  upon  the  practices 
of  individual  refineries  and  the  material 
sirecificatlons  established  by  many  large 
volume  solvent  purchasers. 

The  ETS  excluded  mixtures  contain¬ 
ing  1  percent  or  less  benzene  by  volume 
based  upon  OSHA’s  concern  for  the 
fea.'-ibility  of  requiring  employers  to  im¬ 
plement  such  regulatory  activities  in  so 
large  a  number  of  establishments  in  a 
.short  peiiixi  of  time.  Moreover,  there  is 
some  evidence  that  employee  exposures 
to  lhe.se  substances  are  generally  less 
than  1  part  per  n.illion.  However,  in  this 
proixrs^  for  a  permanent  standard. 
OSHA  believes  that  a  more  careful  con¬ 
sideration  of  this  issue  is  necessary. 
There  is  only  limited  evidence  which 
serves  to  correlate  the  potential  expo¬ 
sure  levels  with  the  amount  of  benzene 
contaminant  in  solvent  mixtures.  As 
pointed  out  in  the  ETS.  there  is  some  in¬ 
die  ation  that  exjrosures  resulting  from 
the  use  of  mixtures  containing  le.ss  tlian 
1  irercent  benzene  will  generally  be  less 
tlian  1  part  per  million.  However,  it  is 
not  clear  that  this  would  always  be  the 
case. 

The  Arthur  D.  I  ittle  study  of  techno¬ 
logical  feasibility  and  economic  impact 
presents  a  summary  of  the  data  on  the 
benzene  (xintent  of  various  solvents  and 
employee  exposures  that  reportedly  re¬ 
sult  from  the  use  of  these  solvents:  for 
example,  within  the  rubber  industry  em¬ 
ployee  exposure  to  benzene  during  tire 
building  operations  ranges  from  1  to  3 
parts  per  million  on  an  8-hour  time 
weighted  average  basis.  These  expo.sure 
result  from  the  use  of  petroleum  naptha 
(white  gasoline)  which  contains  benzene 
in  '•"lounts  ranging  up  to  4  percent  by 
volume. 

There  appears  to  be  no  safe  level  for 
exposure  to  a  carcinogen,  and  particu¬ 
larly  as  to  benzene,  as  pointed  out  in  the 
ETS.  However,  benzene  is  a  widespread 
contaminant  in  industrial  substances  and 
is  present  in  a  large  number  of  work¬ 
places.  As  noted  above,  there  is  limited 
evidence  presently  available  to  predict 
the  exposure  that  would  typically  result 
from  the  use  of  many  of  these  sub- 
.stances.  OSHA  recognizes  that  the  lower 
the  benzene  content,  generally  the  lower 
the  worker  expa^ure.  Consistent  with  its 
general  policy  of  limiting  expasure  to 
carcinogens  to  the  lowest  feasible  level. 
OSHA  mtends  to  exempt  from  the  per¬ 
manent  standard  only  those  substances 
for  which  the  benzene  content  has  been 
reduced  to  the  greatest  extent  feasible. 
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Therefore.  OSHA  is  proposing  a  step- 
down  procedure  exempting  those  work¬ 
places  in  which  employee  exposure  to 
benzene  occurs  only  from  liquids  con¬ 
taining  benzene  of  1  or  less  with  a  re¬ 
duction  of  that  percentage  to  0.1%  ben¬ 
zene  after  1  year.  OSHA  believes  that  the 
0.1%  exemption  will  result  in  worker  ex¬ 
posures  below  the  permissible  exposure 
limit.  This  period  of  time  is  considered 
necessary  to  permit  reformulation  of 
products  containing  benzene,  substitu¬ 
tion.  and  disposal,  perhaps  by  use,  of 
existing  stocks  of  products  already  in  the 
channels  of  trade. 

B.  Methods  of  compliance.  This  pro¬ 
posed  standard  would  require  the  em¬ 
ployer  to  institute  engineering  and  work 
practice  controls  to  reduce  employee  ex¬ 
posures  to  or  below  the  permissible  lim¬ 
its.  In  situations  where  immediately  im¬ 
plemented  engineering  and  work  practice 
controls  that  can  be  instituted  immedi¬ 
ately  will  not  reduce  exposures  to  the 
permissible  exposure  limit,  these  controls 
must  nonetheless  be  used  to  reduce  ex¬ 
posures  to  the  lowest  feasible  level  and 
be  supplemented  by  respirators.  In  addi¬ 
tion,  a  compliance  program  to  reduce 
exposures  to  within  the  permissible  ex¬ 
posure  limits  solely  by  means  of  engi¬ 
neering  and  work  practice  controls  must 
be  developed  and  implemented.  Written 
plans  for  this  program  must  be  devel¬ 
oped  and  be  furnished  upon  request  for 
examination  and  copying  to  representa¬ 
tives  of  the  Secretary,  representatives  of 
the  Director  or  affected  employees.  These 
plans  must  be  reviewed  and  updated  pe¬ 
riodically  to  reflect  the  current  status  of 
the  program. 

Engineering  controls  are  the  preferred 
means  of  compliance  because  they  re¬ 
duce  exposure  hazards  in  the  workplace 
environment  by  removing  the  air^me 
contaminant.  Engineering  controls  may 
include  the  installation  of  local  exhaust 
ventilation,  modification  of  a  proce.ss  to 
as  to  reduce  emission  of  the  contami¬ 
nant  into  the  workplace,  or  substitution 
of  another  substance  for  benzene.  Work 
practices  often  *re  necessary  for  the  ef¬ 
fective  oc>eration  of  engineering  controls, 
and  they  therefore  are  also  preferred  as 
means  of  control. 

Respirators  are  the  least  satisfactory 
means  of  control  because  of  certain  diffi¬ 
culties  inherent  in  their  use.  Respirators 
are  capable  of  providing  good  protection 
only  if  they  are  properly  selected  for  the 
concentrations  of  airborne  contaminants 
present,  properly  fitted  to  the  employee, 
worn  by  the  employee  and  replaced  when 
they  have  ceased  to  provide  protection. 
While  it  is  theoretically  possible  for  all 
of  these  conditions  to  be  met,  it  is  more 
often  the  case  that  they  are  not.  As  a 
consequence,  the  protection  of  employ¬ 
ees  by  respirators  is  not  always  effective. 

C.  Regulated  areas.  Where  employee 
exposure  is  in  excess  of  the  permissible 
exposure  level,  the  employer  must  estab¬ 
lish  a  regulated  area.  The  purpose  of 
establishing  regulated  areas  is  to  limit 
the  exposure  to  as  few  employees  as  pos¬ 
sible.  The  burden  on  the  employer  is 
expected  to  be  minimal  since  the  provi¬ 
sions  require  the  employer  merely  to 


identify  and  control  access  to  regulated 
areas  and  to  notify  the  applicable  OSHA 
area  office  of  their  existence  and  condi¬ 
tions  therein. 

D.  Medical  surveillance.  The  proposal 
requires  more  thorough  and  sensitive 
laboratory  blood  tests  than  did  the  ETS. 
The  additional  tests  will  permit  more 
comprehensive  evaluation  of  hematopo- 
etic  functions  and  thereby  increase  the 
detection  of  bone  marrow  toxicity.  In 
particular,  the  reticulocyte  a.ssay,  a 
sensitive  means  of  estimating  changes  in 
red  cell  production,  may  indicate  impair¬ 
ment  of  the  marrow  when  other  indices 
appear  normal,  such  as  in  the  case  of 
subtle  anemias.  Likewise,  serum  biliru¬ 
bins  provide  a  means  of  detecting  early 
phases  of  benzene-induced  anemia  which 
may  be  hemolytic  in  nature.  There  is  not 
complete  agreement  as  to  which  param¬ 
eter  of  hematologic  function  is  the  first 
indicator  of  benzene  intoxication  result¬ 
ing  from  chronic  low'-level  exposure  to 
benzene.  Therefore,  OSHA  believes  that, 
these  blood  tests  need  to  be  conducted 
on  a  quarterly  basis.  OSHA  has  accepted 
this  recommendation  based  upon  the 
Agency’s  view  that  this  frequency  is 
adequate  to  detect  changes  in  the  com¬ 
ponents  of  the  blood  which  indicate  ben¬ 
zene  intoxication,  while  not  placing  an 
inappropriate  burden  upon  the  employer 
or  the  employee.  OSHA  reouests,  how¬ 
ever,  detailed  comments  on  this  issue. 

E.  Rate  retention.  The  proposed  stand¬ 
ard  does  not  include  a  provision  pro¬ 
hibiting  the  exposure  of  an  employee  to 
benzene  if  the  employee  would  be  placed 
at  increased  risk  of  material  impairment 
of  his  or  her  health  from  such  exposure. 
Nor  does  the  proposal  include  any  pro¬ 
vision  requiring  the  transfer  of  such  an 
employee  to  another  job,  or  providing 
that  removal  for  medical  reasons  should 
not  result  in  loss  of  earnings  or  seniority 
status  to  the  affected  employee.  Provi¬ 
sions  of  this  type  have  been  referred  to 
collectively  as  rate  retention  and  man¬ 
datory  removal. 

The  Coke  Oven  Emissions  standard 
(41  FR  46742  at  page  46780,  October  22, 
1976)  addresses  the  major  considera¬ 
tions  which  must  be  dealt  with  in  deter¬ 
mining  how  to  freat  this  issue.  The  con¬ 
clusion  reached  by  OSHA  in  that  docu¬ 
ment  is  that : 

•  *  *  further  exploration  of  this  (the 
rate  retention)  issue  is  necessary  In  order 
to  deal  In  considerably  more  depth  with  the 
numerous  Issues  raised  by  such  a  provision. 
It  is  therefore  our  Intention  to  conduct  fur¬ 
ther  study,  through  an  Advisory  Committee 
or  other  means  of  the  need  and  implications 
of  rate  retention  as  an  aspect  of  an  OSHA 
health  standard.*  On  the  basis  of  this  study, 
the  Agency  will  take  further  action  under 
the  Act,  as  appropirate,  regarding  rate  re¬ 
tention." 

In  the  meantime,  with  respect  to  the 
benzene  proposal,  OSHA  specifically 
invites  comment  on  the  issues  of  the  pro¬ 
priety,  scope  and  implications  of  a  rate 
retention  requirement  in  this  standard, 
including:  the  number  of  employees  who 
would  be  at  increased  risk  from  exposure 
to  benzene  at  levels  below  the  permissible 
exposure  limit;  the  range  of  rate  reten¬ 


tion  provisions  available  and  their  rela¬ 
tion  to  determining  when  a  condition 
is  caused  by  agents  other  than  benzene 
and.  if  so,  whether  an  employer  should 
be  responsible  for  such  an  employees' 
retention  of  pay  rate  where  the  condi¬ 
tion  results  in  transfer  or  mandatory 
removal:  the  impact  of  such  a  provision 
on  the  affected  industries:  and  possible 
alternatives  to  employee  withdrawal. 

F.  Labels.  Due  to  the  hazardous  nature 
of  benzene.  OSHA  believes  that  emphasis 
should  be  placed  on  warning  employees 
and  other  persons  about  the  danger  of 
exposure  to  benzene.  For  this  reason,  the 
ETS  included  a  section  requiring  signs. 

For  the  same  reason,  this  proposal  in¬ 
cludes  a  requirement  that  caution  labels 
be  affixed  to  all  containers  of  benzene 
and  of  the  products  containing  benzene, 
not  only  because  of  the  hazardous  nature 
of  benzene  exposure,  but  because  of  the 
related  necessity  for  both  the  employer 
and  employee  to  know  whether  the  prod¬ 
uct  contains  any  benzene.  The  labeling 
provision  also  requires  the  employer  to 
assure  that  caution  labels  are  affixed  to 
any  product  containing  benzene  when 
such  product  leaves  the  employer’s  work¬ 
place.  This  proposed  requirement  is  de¬ 
signed  to  protect  any  other  employees 
who  will  be  handling,  transporting,  or 
using  this  product.  Thus  manufacturers 
and  suppliers  w'ould  be  required  to  affix 
caution  labels.  The  rationale  for  this  re¬ 
quirement  would  be  that  the  manufac¬ 
turer  or  supplier  is  in*  the  best  position 
to  know  whether  the  product  does  con¬ 
tain  benzene. 

G.  Recordkeeping.  The  proposed 
standard  requires  the  employer  to  keep 
written  records  of  employee  exposure 
measurements  and  m^ical  examina¬ 
tions.  Symptoms  of  leukemia  may  not 
appear  for  many  years  after  the  last 
exposure  to  benzene.  Thus,  records  of  ex¬ 
posure  measurements  and  medical  ex¬ 
aminations  should  be  retained  for  a 
definite  period  of  years  even  after  the 
employee  ceases  to  w’ork.  For  this  rea¬ 
son,  the  recordkeeping  provisions  of  the 
proposal  require  the  employer  to  retain 
these  records  for  at  least  40  years,  or  for 
tl^e  duration  of  employment  plus  20 
years,  whichever  is  longer. 

rv.  Conclusions 

OSHA  recognizes  that  many  of  the 
matters  considered  in  this  proposal  are 
ccxitroversiad  and  that  some  gaps  may 
exist  in  the  available  scientific  evidence. 
OSHA  hats  concluded  that  benzene  is  ex¬ 
tremely  harmful  to  workers.  The  un¬ 
availability  of  certain  limited  scientific 
evidence  caxmot  legitimately  delay  the 
proposal  of  a  permanent  standard  for 
protecting  workers  exposed  to  benzene. 
OSHA  hopes  that  the  public  participa¬ 
tion  in  this  rulemaking  will  help  to  fill 
whatever  gaps  exist. 

Therefore,  based  on  the  best  available 
evidence  and  in  view  of  the  statutory  re¬ 
quirement  that  no  employee  suffer  ma¬ 
terial  impairment  of  health  or  functional 
capacity  as  a  result  of  exposure  to  toxic 
substances,  OSHA  believes  that  em¬ 
ployee  exposures  to  benzene  must  be  re¬ 
duced  to  the  lowest  level  feasible  and 
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that  the  other  requirements  to  regulate 
exposure  to  benzene  must  be  imposed, 
as  set  forth  In  the  proposal.  After  the 
rulemaking  record  is  closed.  OSHA  will 
evaluate  all  the  evidence  received  and 
issue' a  final  permanent  standard  based 
on  the  entire  record. 

V.  Technological  Feasibility  Assess¬ 
ment  AND  Economic  Impact  Statement 

Pursuant  to  section  6(b>  of  the  Occu¬ 
pational  Safety  and  Health  Act  and  in 
accordance  with  Executive  Order  No. 
11949  (42  PR  1017.  January  5.  1977). 
OSHA  contracted  for  and  received  a 
technological  feasibility  assessment  and 
economic  impact  statement  from  Arthur 
D.  Little  Company.  This  statement  has 
been  reviewed  and  OSHA  concludes  that 
the  proposed  regulation  of  benzene  is  a 
“major”  action.  The  Assistant  Secretary 
certifies  that  the  economic  impact  of  this 
proposal  has  been  evaluated. 

This  statement  along  with  all  other 
references  cited  and  other  relevant  ma¬ 
terial.  ax’e  available  for  inspection  and 
copying  at  the  OSHA  Technical  Data 
Center.  Room  S6212.  ITilrd  St.  and  Con¬ 
stitution  Avenue.  NW..  Washington.  D.C. 
20210.  OSHA  invites  comments  on  any  of 
the  information  contained  or  conclusions 
reached,  in  the  statement  concerning 
technological  feasibility  and  economic 
impact. 

VI.  Environmental  Impact 

The  preceding  description  of  the  pro¬ 
posed  standard  and  its  supporting  ra¬ 
tionale  together  with  that  found  in  the 
annexed  ETS,  as  well  as  the  following 
sections  on  environmental  impact,  con¬ 
stitute  OSHA’s  draft  environmental  im¬ 
pact  statement  on  the  proposed  standard 
for  occupational  exposure  to  benzene. 

TTiis  statement  has  been  prepared  in 
accordance  with  the  provi.«ions  of  the  Na¬ 
tional  Environmental  Policy  Act  (42 
U.S.C.  4321  et.  .seq.)  as  well  as  the  guide¬ 
lines  of  the  Council  on  Environmental 
Quality  (40  CFR  Part  1500)  and  OSHA’s 
regulations  <29  CFR  Part  1999) .  The  pur¬ 
pose  of  this  draft  environmental  impact 
statement  is  to  aid  in  the  Agency  de¬ 
cision  making  on  proposed  actions  which 
may  have  the  potential  for  .significantly 
affecting  the  quality  of  the  human  en¬ 
vironment.  Written  comments  and  infor¬ 
mation  on  the  projected  impacts  of  this 
propo.'icd  .standard  for  exposure  to  ben¬ 
zene  arc  .solicited  fi'om  any  interested 
jjersons  or  groups  during  the  period  for 
written  comm'^nt  submissions  listed  be¬ 
low  in  this  Notice. 

In  addition  to  this  general  reque.st  for 
comment,  copies  of  this  propasal  and  en¬ 
vironmental  impact  statement  will  be 
.sent  to  numerous  Federal  and  State  ag¬ 
encies.  industry  repre.sentativcs,  em¬ 
ployee  unions:  and  public  interest  groups 
with  requests  for  their  comments.  A  copy 
of  this  listing  is  available  in  the  OSII.A 
Technical  Data  Center.  Room  S-^212, 
Department  of  Labor.  Third  Street  and 
Constitution  Avenue.  NW..  Washington. 
D.C.  20210. 

Testimony,  data,  arguments,  and  re¬ 
lated  submis.sion.s  will  be  received  at  the 
public  hearing  to  be  held  on  this  proposed 


standard  on  July  19,  1977,  provided  pre- 
hearing  submission  requirements,  also 
outlined  below,  are  complied  with. 

Additional  copies  of  '  this  proposed 
standard  and  draft  environmental  im¬ 
pact  statement  are  available  for  review 
and  copying  in  tlie  OSHA  Technical  Data 
Center. 

Alternatives 

There  are  tliree  major  areas  of  regu¬ 
latory  decision  making  which  will  affect 
the  impact  of  the  benzene  standard  on 
the  external  environment.  These  are:  (1) 
the  scope  and  application  of  the  regula¬ 
tion.  (2*  the  airborne  permi.s.'-ible  ex¬ 
posure  limit,  and  (3)  the  metliods  by 
which  compliance  is  mandated.  The  pur¬ 
pose  of  this  section  is  to  present  the  al¬ 
ternatives  available.  The  discussion  of 
the  impact  of  each  of  these  alternatives 
will  be  in  the  following  section. 

(1)  Scope  and  application.  The  emer¬ 
gency  temporary  standard  <ETS)  ap¬ 
plied  to  all  establishments  in  which  ben¬ 
zene  is  present,  including  “general 
industry.”  constimction,  and  maritime. 
The  ETS  did  not  apply,  however,  to  stor¬ 
age,  transportation,  distribution,  dis¬ 
pensing,  or  sale  of  gasoline  as  a  fuel 
subsequent  to  discharge  of  such  gasoline 
from  bulk  terminals  nor  to  operations 
utilizing  liquid  mixtures  containing  1  per¬ 
cent  or  less  benzene  by  volume. 

This  proposal  applies  to  ‘  general  in¬ 
dustry,”  construction  and  maritime.  It 
has  retained  the  exclusion  for  the  stor¬ 
age,  transportation,  distribution,  dis¬ 
pensing,  or  sale  of  gasoline  as  a  fuel  sub¬ 
sequent  to  discharge  of  such  gasoline 
from  bulk  terminals.  Although  the  pro¬ 
posal  retains  the  Era  exemption  of 
those  operations  utilizing  liquids  con¬ 
taining  less  than  1.0  percent  benzene  by 
volume,  this  exemption  would  be  in  ef¬ 
fect  only  for  one  year.  Thereafter,  only 
operations  containing  0.1  percent  or  less 
benzene  by  volume  would  be  exempted. 

Other  options  available  to  OSHA  in¬ 
clude  elimination  of  the  percenUige  ex¬ 
clusion  or  the  expansion  of  coverage  to 
retail  automotive  service  stations  and  a 
broader  range  of  ga.soline  industries. 
Conversely.  OSHA  could  further  restrict 
the  scope  of  the  regulation. 

(2)  Pcnnissible  exposure  limit.  The 
previous  OSHA  permanent  standard  for 
benzene,  in  effect  prior  to  tlie  is.suance 
of  the  ETS.  prescribed  an  8-hour  time 
weighted  average  (TWA>  of  10  ppm  with 
an  acceptable  ceiling  concentration  of 
25  ppm.  In  addition,  it  allowed  excursions 
above  the  ceiling  to  a  maximum  peak 
concentration  of  50  ppm,  providcil  that 
this  peak  occurred  for  no  more  than  10 
minutes  in  any  8-hour  work  period.  This 
standard  was  based  largely  on  benzene’s 
general  toxicity  rather  than  on  its  leu¬ 
kemia  hazard. 

The  propasal  establishes  an  airborne 
irerniissible  exposure  lunit  <PEL>  of  1 
ppm  witli  a  ceiling  limit  of  5  ppm  ex¬ 
posure  averaged  over  any  15  minute 
period.  The  proposal  additionally  pro¬ 
hibits  eye  contact  and  repeated  skin  ex¬ 
posure  to  liquid  benzene. 

The  PEL  adopted  by  this  pronosal  was 
chosen  not  as  a  “safe”  or  “no  effect” 


level,  but  on  the  basis  of  OSHA’s  belief 
that  1  ppm  is  the  lowest  level  that  gen¬ 
erally  can  be  achieved.  OSHA  is  man¬ 
dated  by  the  Act  to  consider  feasibility 
in  setting  regulations.  However,  it  is  pos¬ 
sible  tliat  a  level  lower  than  1  ppm  could 
be  shown  to  be  feasibly  attained  either  by 
existing  controls  or  by  the  development 
of  new  controls.  In  that  case.  OSHA 
has  the  option  to  regulate  to  whatever 
level  below  1  ppm  is  determined  to  be 
appropriate. 

Another  regulatory  alternative  is  to 
adopt  differing  standards  lor  different 
industries,  moderating  the  degree  of 
regulation  as  deemed  necessary  for  ade¬ 
quate  and  feasible  protection  of  workers 
in  the  various  industries  where  benzene  is 
present. 

<3)  Methods  of  compliance.  OSHA’s 
regulation.  29  CFR  1910.1000,  under 
which  benzene  was  initially  regulated, 
provided  that  comoliance  be  achieved 
first  through  administrative  or  engineer¬ 
ing  controls,  whenever  feasible,  and. 
when  such  controls  were  not  feasible, 
through  the  use  of  supplementary  pro¬ 
tective  equipment. 

This  proposal  requires  the  institution 
of  engineering  and  work  practice  con¬ 
trols  to  reduce  exposure  to  or  below  the 
PEL.  In  addition,  tl^  proposal  requires 
that  a  program  be  established  and  imple¬ 
mented  to  reduce  exposures  to  or  below 
the  PEL.  solely  by  means  of  engineering 
and  work  practice  controls.  Protective 
clothing  and  eauipment  are  also  required 
where  necessary  to  prevent  eye  contact 
or  repeated  skin  contact. 

Engineering  controls  mav  include  the 
instshatlon  of  local  exhaust  ventilation, 
modification  of  a  process  so  as  to  reduce 
emis.eions.  or  substitution  of  another  sub¬ 
stance  for  henz^ne. 

Alternatives  involved  in  the  compli¬ 
ance  section  of  the  regulation  are  pri¬ 
marily  concerned  with  establishing  a 
particular  priority  among  the  types  of 
controls  (engineering,  work  practice,  and 
respiratory  protective  equipment) .  Sole 
reliance  on  engineering  controls  or  on 
U.SO  of  engineering  and  work  practices 
equally  could  be  required.  Another  alter¬ 
native  would  allow  the  employer  com¬ 
plete  freedom  in  choosing  the  method 
of  control  without  any  required  priority 
systems.  An  alternative  approach  would 
be  to  specify  controls,  such  as  reformula¬ 
tion  of  products  to  decrease  benzene  con¬ 
tent.  or  the  preferential  u.'^e  of  vapor  re¬ 
covery  systems  over  ventilation. 

.Additionally,  there  are  other  areas  in 
which  alternative  actions  might  variously 
have  impact  upon  what  is  considered  the 
external  enviionment.  One  of  these  areas 
is  medical  surveillance.  The  ETS  pro¬ 
vided  for  the  minimum  tests  coasidered 
nete.ssary  to  determuie  the  effects  of  ex- 
pasure  to  benzene.  Tliis  proposal  requires 
a  more  comprehensive  evaluation  and 
more  sensitive  means  of  detecting 
changes  which  may  indicate  effects  of 
exposure. 

It  is  clear  that  there  are  numerous 
areas  with  various  regulatory  approaches 
which  may  have  differential  effects  on 
some  aspects  of  the  external  environ¬ 
ment  'The  possible  impacts  of  these  ap- 
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proaches  will  be  discussed  in  the  follow¬ 
ing  chapter. 

Projected  Impacts 

'Hie  primary  effect  of  this  regulation 
is  expected  to  impact  on  the  woiig^lace 
by  r^ucing  woiicer  exposure  to  bouene. 
A  second  potential  impact  may  occur  to 
the  environment  external  to  the  w^k- 
place. 

The  impacts  on  workers  and  the  woiir 
environment  of  OSHA’s  proposed  reg¬ 
ulation  of  benzene  has  already  been 
treated  in  the  preceding  clusters  of  this 
preamble  and  the  preamble  to  the  ETS. 
ITiis  section  will  attempt  to  delineate  the 
impacts  of  the  propos^  rule  cm  the  ex¬ 
ternal  environment  and  will  also  con¬ 
sider  the  pot^tial  impacts  of  alternative 
regulatory  measures  and  various  com¬ 
pliance  methods. 

A  standard  for  control  of  occupational 
exposure  to  benzene  has  the  potential  for 
affecting  the  external  air  quality,  water 
quality,  waste  disposal  (a  functicm  of 
land  use.  air  quality  and  water  quality) , 
energy  consumption,  and  human  re¬ 
sources.  Economic  costs  of  implementing 
an  occupational  health  standard  have 
also  been  determined  to  have  the  poten¬ 
tial  for  impacting  the  general  human  en¬ 
vironment.  A  brief  discussion  of  these 
pm-ticular  impacts  is  included  in  this 
statement.  For  further  information,  the 
Technological  and  Economic  Impact  As¬ 
sessment  on  Benzene  prepared  for  OSHA 
by  Arthur  D.  Little  Inc.  should  be  re¬ 
ferred  to.  It  is  available  at  the  OSHA 
Technical  Data  Center. 

Ihe  specifics  of  potential  impacts  ex¬ 
pected  as  a  result  of  OSHA’s  i»oposed 
regulation  and  of  alternatives  to  that 
regulation  will  be  addressed  in  this 
chapter.  But  initially  an  overview  will 
be  presented  to  give  a  general  idea  of 
the  types  of  impacts  which  mav  result, 
and  the  ways  in  which  they  depaid  on 
the  various  alternatives  involved  in  the 
regvilatory  decision  making  and  sub¬ 
sequent  choice  of  compliance,  methods. 

The  first  area  of  alternatives  is  in  the 
scope  and  application  of  the  regulation. 
One  option  is  the  inclusion  or  exemption 
of  storage,  transportation,  distribution, 
dispensing,  or  sale  of  gasoline  as  a  fuel 
subsequent  to  discharge  of  such  gasoline 
from  bulk  terminals.  The  areas  of  the 
external  environment  which  will  be  im- 
pcu:ted  by  this  choice  are  air  quality  and 
human  resources.  The  impacts  m  water 
quality,  solid  waste,  and  mergy  consump¬ 
tion  would  be  insignificant,  if  any  were 
to  result  at  all,  for  the  ways  in  whidi 
OSHA  regulation  would  effect  this  seg¬ 
ment  would  be  to  control  vapor  release 
and  to  provide  medical  surveillance  of 
employees. 

The  direcion  of  the  impact  would  be 
improvement  of  the  ambient  air  quality 
by  reduction  of  contamination  of  the 
oni^oyees’  breathing  air.  It  is  reascmable 
to  expect  that  it  would  be  necessaiy  to 
control  exposure  through  aigineering 
ctmtrols.  resulting  in  containment  oi 
benzene  at  the  source. 

To  the  extent  that  monitoring  and 
medical  surveillance  of  employees  is  re¬ 


quired,  there  will  be  an  impact  on  medi¬ 
cal  resources  and  the  supply  of  industrial 
hygienists.  The  full  extent  of  this  im¬ 
pact  cannot  be  readily  quantified. 

The  second  area  of  alternatives  is  in 
setting  the  permissible  exposure  level 
(PEL) .  This  area  is  integrally  related  to 
the  methods  of  compliance  (the  third 
area  of  alternatives)  used  to  achieve 
control  of  exposure  to  or  below  the  PEL. 
The  choice  of  alternative  PEL’S  and  of 
compliance  is  expected  to  have  impact 
in  some  way  on  almost  every  category  of 
the  external  environment. 

In  a  general  sense,  reduction  of  ben¬ 
zene  exposure  will  involve  engineering 
controls  to  prevent  emissions  at  the 
source,  work  practices  to  prevent  acci¬ 
dental  spills  and  contacts  with  benzene, 
and  g(x>d  housekeeping  procedures  to 
cope  with  spills  when  they  do  occur.  Res¬ 
pirators  may  also  be  used  in  some  cases 
to  prevent  worker  exFKtsure  to  benzene 
vapor.  An  additional  method  of  compdi- 
ance  is  the  substitution  of  some  other 
substance  for  ben^ne. 

The  extent  of  engineering  control  re¬ 
quired  is  to  some  extent  relative  to  the 
level  of  exposure  which  must  be  met.  If 
exposure  is  to  be  controlled  by  preventing 
leaks  and  evaporation,  then  the  controls 
would  have  to  be  tighter  and  p>erhaps 
more  extensive  to  meet  the  lower  PEL. 
This  would  result  in  less  workplace  con¬ 
tamination  and,  thereby,  lower  ambient 
emissions.  On  the  other  hand,  if  control 
is  achieved  by  ventilation,  the  amount  of 
benzene  contamination  would  remain 
c(xistant  but  the  rate  of  exhaust  outside 
the  plant  would  increase.  This  increased 
flow  rate  may  not  affect  the  ambient  air 
quality,  but  might  result  in  an  insignifi¬ 
cant  increase  in  energy  consumption. 

Likewise,  tighter  engineering  controls 
to  achieve  lower  PELs  would  reduce  the 
esciq>e  of  benzene  into  the  efDuent  dis¬ 
charge,  representing  a  positive  impact 
on  water  quality.  Conversely,  other 
means  of  control  and  their  degree  of  ef¬ 
fectiveness  may  result  in  increased  con¬ 
tamination  of  water  and  increased  sludge 
production,  representing  a  potential  neg¬ 
ative  impact  on  both  water  quality  and 
the  amount  of  solid  waste. 

The  PEL  and  compliance  methods 
chosen  should  have  no  effect  on  the 
amoimt  of  monitoring  and  medical  sur¬ 
veillance  required.  However,  the  degree 
of  impact  on  human  resources  will  de¬ 
pend  on  the-contents  of  monitoring  and 
medical  surveillance  provisions. 

A.  AIR  POLLUTION  IMPACT 

*1116  importance  of  benzene  in  air  pol¬ 
lution  is  related  to  the  concern  for  long¬ 
term  exposure  to  low  levels  by  large  num¬ 
bers  of  people.  Benzene’s  participation  in 
the  formation  of  photochemical  oxidants 
is  minimal,  and  as  a  result,  it  is  generally 
omitted  from  control  efforts  to  reduce 
the  formaticm  of  photochemical  oxi¬ 
dants.  However,  the  evidence  regarding 
the  leukraila  hazard  of  exposure  to  ben¬ 
zene  must  be  taken  into  accoimt  in  eval¬ 
uating  the  environmental  impact  of  this 
proposal. 


The  sampling  for  air  pollutants  has 
been  largely  concerned  with  the  total 
hydrocarbon  levels  in  the  atmosphere. 
However,  several  studies  siunmarized  in 
Table  I  have  been  conducted  to  spe¬ 
cifically  evaluate  benzene  levels.  These 
studies  were  carried  out  in  Los  Angeles, 
Toronto,  Zurich  and  the  Netherlands 
and  the  data  in  Table  I  indicates  that 
the  ambient  benzene  concentrations  in 
the  urban  atmosphere  are  normally  well 
below  0.1  ppm  and  have  an  average  con¬ 
centration  of  0.01  ppm.  In  the  Los  Ange¬ 
les,  Toronto  and  Netherlands  studies  it 
was  noted  that  the  benzene  concentra¬ 
tions  foimd  at  sampling  sites  adjacent  to 
major  roadways  were  highly  correlated 
with  periods  of  heavy  traffic  volume.  This 
suggests  that  the  motor  vehicle  is  a 
source  of  benzene  in  the  commxmity  air 
as  a  result  of  both  incompletely  com¬ 
busted  exhaust  emissions  and  direct 
evaporation  from  vehicle  gas  tanks. 

Table  I  (4). — Comparison  of  measure¬ 
ment  results  of  several  sites,  ooncentra- 


tions  in  part  per  billion 

Btntenv 

Maximum 

Average 

Los  Angelas . 

57.(1 

15 

Toronto . 

H8.0 

13 

Zurich . 

Netherlands: 

74.0 

35 

Delft . 

8.0 

1 

The  Hague . 

29.0 

9 

Tunnel ' . 

S2.2 

25 

>  High  traffic  area. 

Source:  Modified  from:  Burghardt,  E.  and  leltes,  R., 
“Uas  Chromatographic  Determination  of  Aromatic 
Hydrocarbons  in  Air  Using  a  Semi-Automatic  Pre¬ 
concentration  Method,  Atmospheric  Environment, ’* 
vol.  9,  pp.  935-940. 

1.  Production.  Mitre’s  estimates  of  the 
quantity  of  benzene  currently  lost  during 
commercial  production,  storage  and 
transport  is  79  million  pounds.  These 
emissions  are  largely  derived  from  petro- 
lemn  cracking  facilities  which  currently 
contribute  approximately  95%  of  the 
nation’s  total  output  for  benzene. (7). 
A  report  in  the  process  of  being  published 
by  EPA  indicates  somewhat  smaller  esti¬ 
mates. 

Emissions  frexn  these  production 
sources  are  related  to  a  variety  of  opera¬ 
tions  including  equipment  repair  and 
maintenance,  clean-up  of  small  spills, 
transfer  of  materials,  and  the  normal 
operation  of  process  equipment.  Addi¬ 
tional  emissions  result  from  blow  down 
systems,  waste  water  separators,  cooling 
towers  and  storage  facilities.  Fugitive 
emission  sources  include  leaking  pumps 
and  compressor  seals,  pressure  relief 
valves,  pipeline  valves  and  flanges, 
changing  pipeline  blinds  and  ptuglng 
sample  lines.  ’The  relative  magnitude  of 
benzene  emissions  can  be  based  in  part 
upon  the  emission  factors  summarized  in 
Thble  IV.(5).  These  data  are  represen¬ 
tative  of  total  hydrocarbon  emissions, 
but  are  pertinent  to  the  evaluation  of 
bmzene  releasee  where  it  constitutes  a 
portion  of  the  process  stream. 
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Tablk  II  (.5). — Benzene  emi$$ion»  to  the  environment — 1971 

(In  millions  of  pounds] 

Source  Location  Quantity  Media  of 

nitry 


Commercial  benzene  production.  Primarily  southwest .  79  (assumed  I  pet.  of  total  pio-  Air,  water. 

storatie  and  trarisport.  diictinii). 

Commercial  benzene  usaire . Primarily  southwest  and  north-  658  (based  on  reaction  yirld.s). ..  Do. 

east. 

Oil  spills. . Oceans  and  rivers . 22-24 .  . W  ater. 

.Motor  vehicle  emissions .  Similar  to  iwpulation  distribu-  1,(W0 .  Air. 

tion. 

Coke  ovens .  Primarily,  North  Central  States  122  (1974) .  Air. 

and  .Alabama.  ' 


Scurce:  Modified  fn  in  Walker,  P.,  ‘‘.Vir  Pollution  .VssessmenI  of  Benzene;  .Mitro  Technical  Keport,"  .MTR-7188 
Mitre  Corp.:  .MclA-an,  Va.,  1076. 


Table  III  (6). — KmiHuion  factors  for  pctrolenm  refineries 


Type  of  process  :  //i/drocorbons 

Fluid  catalytic  crackiiiR  units  (FCC); 

Pounds  pet  thousand  barrets  fresh  feed.  220 
Kilograms  per  thousand  liters  fresh 

feed . 630 

Moving-lied  catal3rtic  cracking  units 
(TCC); 

Pounds  per  thousand  barrel  fresh  feed.  87 
Kilgrams  per  t  housand  liters  fresh  feed  .  250 

Blowdown  systems; 

Pounds  per  thousand  barrels  refinery 
capacity— 

tt’lth  control .  .5 

Without  control .  300 

KHograms  per  thousand  liters  refinery 
capacity— 

With  control . 014 

Without  control . 880 

Process  drains; 

Pounds  per  thousand  barrels  waste 
water— 

*  With  controL .  8 

Without  control .  210 


Type  of  process : 


Kilograms  per  thousand  liters  waste 
water— 

With  control . 

Without  control . 

Vacuum  Jets: 

Pounds  per  thousand  barrels  vacuum 
distillation— 

With  control . 

Without  control . . 

Kilograms  per  thousand  liters  vacuum 
distillation— 

With  control . 

Without  control . 

Cooling  tower; 

Poimds  per  thousand  gallons  cooling 

water . 

Kilograms  per  thoasand  liters  cooling 

water . . 

Miscellansous  losses,  pounds  per  thou¬ 
sand  barrels  reflneiV  capacity:  > 

Pipeline  valves  and  flangn . 

Vessel  relief  values . 

Pump  seals . 

Compressor  seals . 

Other  (air  blowing,  sampling,  et 
cetera) . 


.023 

.600 


(') 


(') 

.370 


6 


.72 


28  (a  080) 
II  (  .031) 
17  (  .049) 
H  (  .014) 

10  (  .029) 


>  Kilograms  per  thousand  liters  shown  in  parentheses. 


Table  IV  (6). — Uydi'ocarhon  emission  factors  for  evaporation  losses  from  the  storage 

of  petroleum  products 


Type  of  material  stored 


Type  of  tank  ■ 

Units 

Dasoline  or 
finished  petro¬ 
leum  product 

Crude  oil 

Fixed  roof  breathlny  loss. . 

..  Pounds  per  day— 1,000  gal  ftorage  capacity _ 

Kilogranu  per  day— 1.000 1  storage  capacity... 
..  Pounds  per  1,000  gal  throughput . 

at 

.05 

11 

as 

.04 

8 

Floating  roof  breathing  loos . 

Working  loss . 

Kilograms  per  1,000 1  throughput . 

..  Poimda  per  day— tank . 

Kilograms  per  day— tank . 

..  Pounds  per  1,000  gal  throughput . 

Kilograms  per  1,000 1  throughput . 

I.  .12 

(*) 

83.5 

(*) 

(•) 

.98 

(•) 

45.4 

8  • 

>  For  tanks  equipped  with  vapor-recovery  systems,  emissions  are  neg^ble. 

•  An  average  turnover  rate  tor  petroleum  storage  in  approximately  8.  Thus,  the  throughput  is  equal  to  6  times  the 

^*^^*^40  to  210).  140  (63A)  based  on  average  conditions  and  tank  diameter  of  100  ft  (30A  m);  use  40  (18.1  kg)  tor 
smaller  tanks,  SO  ft  (15.3  m)  diameter,  use  210  (!«  kg)  tor  larger  tanks,  150  ft  (45.8  m)  diameter. 

•  100  (30  to  180).  Use  30  (13.6  kg)  for  smaller  tanks,  50  ft  (15.3  m)  diameter,  use  180  (72.5  kg)  tor  larger  tanks,  150  ft 
(45.8  m)  diameter. 

•  Negative. 


The  C(Hnpllatl(m  ol  Air  Pollution 
Emission  Factors  published  by  the  Envi¬ 
ronmental  Protection  Agency  states, 
“There  are  essentially  no  emissions  from 
reforming  operations”  in  the  petroleum 
refining  industry.  However,  due  to  ben¬ 
zene’s  volatility  there  is  a  possibility  that 
some  environmental  contamination  oc¬ 
curs  during  these  operations. 

Promulgation  of  a  1  ppm  level  for 
benzene  will  have  the  effect  of  reducing 
overall  emissions  for  benzene.  This  re¬ 
sults  because  greater  controls  will  be 
maintained  over  leaking  process  equip¬ 
ment  and  fugitive  emissions.  In  this  case 
there  is  an  anticipated  positive  Impact 


on  the  external  environment  of  reduced 
benzene  emissions  frenn  production  sites. 

2.  Storage  and  Transportation.  Since 
gasoline  cemtains  a  certain  amount  of 
benzene,  an  alternative  to  the  proposal 
would  also  affect  gasoline  storage  and 
marketing  facilities  as  well  as  firms  dis¬ 
tributing  gasoline.  Expected  means  of 
compliance  would  suggest  that  engineer¬ 
ing  controls  possibly  include  internal 
floating  roofs  on  storage  tanks,  bottom 
loading  assemblies  and  vapor  condensing 
and/or  return  equimnent.  ’Tables  IV  and 
V  illustrate  the  expected  hydrocarbon 
emission  rates  (a  porti(xi  of  these 
amounts  are  benzene)  r^ulting  from 


storage  and  transfer  operations  (6) .  ’The 
application  of  vapor  return  or  recovery 
equipment,  as  well  as  internal  floating 
rooI&  and  bottom  loading  assemblies,  will 
largely  eliminate  ambient  emissions. 

3.  Commercial  Usage:  Chemical  Proc¬ 
essing.  The  chemical  process  industries 
utilizing  benzene  feedstock  material  were 
evaluated  during  the  development  of  the 
Economic  Impact  Analysis  (EIA)  pre¬ 
pared  for  OSHA  by  Arthur  D.  Little.  It 
was  determined  that  these  operations 
were  lai*gely  in  compliance  with  the  pre¬ 
vious  OSHA  standard  due  to  the  con¬ 
straints  of  closed  system  operations  and 
the  economics  of  preventing  possible 
losses  of  feedstock  and  products.  Possi¬ 
ble.  though  infrequent,  over-exposures 
would  be  due  to  non-routine  situations 
such  as  process  upsets  or  equipment 
failure. 

As  with  the  benzene  production  facili¬ 
ties.  engineering  controls  may  be  neces¬ 
sary  to  comply  with  a  1  ppm  benzene 
standard.  Controls  would  be  very  similar 
in  type  and  extent  to  those  us^  in  the 
productiem  facilities  to  reduce  emissiems 
during  process  operations  and  from  fugi¬ 
tive  sources.  The  reduction  in  process 
and  fugitive  losses  may  result  in  a  sig¬ 
nificant,  (though  as  yet  unquantified) 
reduction  in  benezene  emmissions  and 
those  of  its  process  Intermediates. 

Commercial  Usage:  Solvent  Usage. 
Another  use  of  benzene  is  as  an  indus¬ 
trial  solvent.  Benzene  has  been  largely 
removed  fr(Mn  solvent  applications,  often 
being  replaced  by  toluene,  which,  how¬ 
ever.  does  contain  a  small  percentage  of 
benzene.  Benzene  is  still  found  in  a  lim¬ 
ited  number  of  specialized  low  volume 
applications  such  as  propfietary  adhe¬ 
sives  within  the  rubber  indus^,  and  in 
paint  remover  formulations. 

The  purpose  of  solvent  materials  is 
simply  to  provide  a  vehicle  for  solid  ma¬ 
terials  to  facilitate  the  application  of 
solid  materials.  As  such,  much  of  the 
benzene  used  as  solvent  is  lost  by  evtMi- 
oratl'm  upon  ai^ilication.  Only  a  limited 
number  of  processes  within  the  adhe¬ 
sives  and  printing  industries  utilize 
vapor  recovery  equipment  as  ^  method 
of  solvent  recovery  and  recycling. 

Exposure  control  of  this  compound  in 
solvent  application  involves  a  variety  of 
alternatives  (7).  Primary  among  the 
control  alternatives  would  be  general  di¬ 
lution  and  local  exhaust  ventilation  sys¬ 
tems  and  product  reformulation  to 
either  reduce  or  remove  the  benzene 
componoit.  These  alternatives  will  be 
discussed  separately  for  their  possible 
environmental  impacts. 

A  conunon  method  for  protecting' 
workers  from  solvent  vapors  is  to  provide 
adequate  ventilation  to  both  dilute  the 
vapors  with  fresh  air  and  to  carry  them 
out  of  the  worker  breathing  zone.  This 
a];H>roach  to  exposure  reduction  finds 
widespread  applicatiem  within  industries 
having  adhesive  and  coating  solvent  ex¬ 
posures.  The  necessary  equipment  and 
design  knowledge  f(Mr  spray  booth  and 
ventilation-h<x>d  Installatlcms  is  readily 
available  for  these  applications.  In  many 
cases,  existing  equipment  can  be  adapted 
to  achieve  lower  exposures  by  increasing 
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the  velocity  of  the  fans  or  reducing  the 
area  of  the  ventilation  ducts  or  booth 
areas. 

Since  the  purpose  of  ventilation  equip¬ 
ment  is  to  remove  vapors  from  the  woi^ 
environment,  once  this  task  is  accom¬ 
plished,  the  exhausted  air,  including  the 
vapors,  is  often  emitted  directly  into  the 
external  environment.  The  vapor  con¬ 
centration  in  the  exhaust  is  often  so  low 
that  further  treatment  is  considerably 
more  difiBcult.  When  the  exhaust  air 
contains  large  amounts  of  particulate 
matter,  as  from  a  paint  spray  (Hieration, 
or  particularly  malodorous  vapors,  air 
treatment  beccanes  more  necessary. 

Increased  ventilation  will  alter  the 
rate  at  which  benzene  vapors  are 
shunted  to  the  atmosphere  and  could 
change  the  final  impact  on  ambient 
levels  of  benzene.  Where  reformulation 
is  practiced  to  reduce  solvent  usage, 
however,  the  atmosphere  will  realize  a 
reduction  in  total  hydrocarbon  load. 
Therefore,  if  the  OSHA  regulation  were 
to  specify  the  control  technology,  there 
would  be  a  basis  for  evaluating  the  pos¬ 
sible  changes  in  the  benzene  levels  in 
the  atmosphere. 

The  second  general  method  to  reduce 
benzene  exposures  is  reformulation.  In 
this  approach  other  solvents  may  be  sub¬ 
stituted  for  either  part  or  all  of  the  ben¬ 
zene  or  the  benzene  contamination  of 
other  solvents  reduced;  equipment  may 
be  developed  to  utilize  a  higher  solid  con¬ 
tent  solution  (i.e.,  less  solvent  per  volume 
of  material  appUed) ;  solvent  systems 
may  be  completely  replaced  with  a  water 
based  and  hot  melt  applications;  or  in 
extreme  cases  the  process  involving  the 
solvent'  may  be  discontinued  entirely. 
Analysis  in  the  EIA  demonstrates  exam¬ 
ples  of  each  of  these  reformulation  pos¬ 
sibilities.  The  coatings  industry  is  ex¬ 
ploring  possibilities  of  high  solds  and 
water  based  coating  applications  systems 
(S).  Manufacturers  of  paint  removers 
are  substituting  other  solvents  for  ben¬ 
zene.  Adhesives  manufacturers  are  be¬ 
ginning  to  utilize  other  systems  includ¬ 
ing  substitution  of  solvents  such  as 
methyl  ethyl  ketone,  water  based  systems 
and  new  solventless  systems  that  are 
liquidised  by  heat  and  form  the  adhe¬ 
sive  bond  when  they  cool  and  solidify 
(“hot  melt”  adhesives)  (S). 

5.  Motcr  Vehicle  Emissionx.  While  this 
is  perhaps  one  of  the  most  important 
sources  of  benzene  emissions,  it  is  ex¬ 
cluded  from  this  particular  rule.  T^e 
only  segment  of  these  emissions  that  may 
possibly  be  controlled  by  OSHA  would 
be  those  affecting  emplovee  extxwure  re¬ 
sulting  primarily  from  the  filling  of  ve¬ 
hicle  gas  tanks. 

B.  WATER  POLLUTIOH  IMPACTS 

The  relatively  moderate  water  solu¬ 
bility  (compared  to  other  hydrocarbons) 
(1780  mg/I  at  25‘’C)  and  vapor  pressure 
(95.2  mmHg  at  25‘’C)  of  benzene  are  im¬ 
portant  parameters  in  the  determination 
of  its  potential  for  contamination  of 
water.  Because  of  its  mcxlerate  solubility 
in  water,  benzene  may  be  washed  out  of 
the  atmosphere  with  rain.  In  combina- 


ti(m  with  the  evaporation  pnxiess,  this 
would  result  in  a  continuous  cycling  be¬ 
tween  air  and  water. 

The  three  major  industrial  sectors 
having  emissions  which  emit  benzene  to 
the  aquatic  environment  appear  to  be: 

(1)  chemical  production  and  processing; 

(2)  coating  operations,  and  (3)  storage- 
transporta  ticm . 

While  engineering  controls  would  act 
to  reduce  leakage  and  spillage  of  com¬ 
pounds,  work  practice  controls  would 
tend  to  emphasize  a  prompt  response  to 
spills  with  flushing  to  waste  chemical 
drains.  From  chemical  drains  in  these 
plants  the  materials  would  proceed  to  oil 
separators  where  the  organic  materials 
are  recycled  to  the  production  system. 

Some  amount  of  material,  however,  in¬ 
cluding  benzene,  might  escape  into  the 
water  effluent.  (15)  In  comparison  to  the 
reduction  of  leaks  and  spills  expected  to 
result  from  the  regulation,  the  potential 
increase  in  effluent  emissions  due  to  more 
efficient  work  practices  is  not  expected 
to  be  significant.  An  overall  reduction  in 
emissions  should  result  from  the  imple¬ 
mentation  of  the  regulation. 

C.  SOLID  WASTE 

As  discussed  previously,  methods  to 
c(»nply  with  the  proposed  benzene  reg¬ 
ulation  are  largely  aimed  at  preventing 
releases  to  the  air  and  to  a  lesser  extent 
to  the  water.  Since  the  control  measures 
largely  involve  work  practices  and  dura¬ 
ble  equipment  to  either  prevent  or  redi¬ 
rect  vapor  emissions,  impacts  upon  solid 
waste  loads  are  expected  to  be  minimal 
if  not  completely  negligible. 

D.  HintAN  RESOURCES  IMPAC^ 

As  stated  earlier  in  this  document,  the 
intent  of  the  OSHA  standard  for  occupa¬ 
tional  exposure  to  benzene  is  to  protect 
employees  frcHn  the  health  hazards  asso¬ 
ciated  with  such  exposures.  Health  bene¬ 
fits  resulting  from  control  of  benzene  in¬ 
clude  prevention  of  blood  and  bone  mar¬ 
row  poisoning  as  well  as  lowering  the  risk 
of  leukemia.  Reduced  rates  of  industrial 
accidents  and  short  term  illnesses  are 
also  viewed  as  the  proposed  standard’s 
beneficial  impacts. 

A  possible  further  impact  of  the  pro¬ 
posed  standard  is  to  increase  the  demand 
for  limited  medical  resources.  This  will 
not  be  a  major  impact  for  those  cmnpa- 
nies  affected  by  the  regulation  which  are 
large  corporate  concerns  which  already 
maintain  a  medical  staff.  However, 
smaller  facilities  may  have  to  acquire  the 
services  of  medical  personnel,  which 
could  create  an  additional  burden  on  the 
limited  supply  of  industrial  hygienists, 
nurses  and  doctors.  TTiis  impact  on  hu¬ 
man  resources  will  be  directly  dependent 
on  the  scope  of  the  final  rule  and  could 
become  significant  if  retail  autCHnotive 
service  stations  and  to  the  storage,  trans¬ 
portation.  distribution,  dispensing,  or 
sale  of  gasoline  as  a  fuel  subsequent  to 
discharge  of  such  gasoline  fr(Mn  bulk 
terminals  are  ultimately  included.  A  fac¬ 
tor  to  be  ccHisidered,  however,  is  that  re¬ 
ducing  worker  exposure  to  benzene  is 
expected  to  result  in  improved  health. 


E.  ENERGY 

Within  the  scope  of  the  proposed 
OSHA  benzene  standard  the  only  activi¬ 
ties  requiring  an  increased  energy  de¬ 
mand  would  be  increased  ventilation  and 
the  resulting  need  .to  condition  greater 
volumes  of  make-up  air.  The  Arthur  D. 
Little  study  (EIA)  evaluates  industry’s 
compliance  costs  fcH*  engineering  control 
to  primarily  result  from  tightening  up 
production  processes,  and  installing  new 
hardware  (i.e.,  rupture  disks,  floating 
roofs,  vapor  control  systems  and  me¬ 
chanical  seals).  Since  engineering  con¬ 
trol  requirements  were  based  upon  slight 
modification  to  existing  inplant  systems, 
the  EIA  judged  increased  energy  con¬ 
sumption  to  be  “negligible.” 

F.  LAND  USE 

As  enumerated  in  the  EIA  analysis, 
compliance  activities  for  this  regulation 
are  expected  to  consist  of  modifications 
to  existing  control  equipment  and  work 
practice  controls  where  necessary.  These 
modifications  should  be  easily  completed 
in  existing  areas  and  no  additional  land 
usage  will  result.  The  EIA  demonstrates 
that  changes  in  costs  and  productivity 
as  a  result  of  the  OSHA  regulation  should 
be  minimal  (in  most  cases  less  than 
0.5%).  With  these  small  changes  it  is 
not  felt  that  the  construction  of  new 
facilities  because  of  productivity  con¬ 
straints  can  be  justifiably  attributed  to 
the  proposed  OSHA  standard. 

G.  ECONOMIC  IMPACT 

The  EIA  on  benzene  has  estimated  the 
costs  and  benefits  of  compliance  with  the 
proposed  regulation  (as  well  as  other 
control  scenarios) . 

In  addition  to  cost  of  compliance  esti¬ 
mated,  the  EIA  also  addresses  the  issue 
of  expected  price  changes  in  products 
involving  these  materials. 

Relationship  With  Other  Federal 
Actions 

Workers  exposed  to  benzene  during  in¬ 
dustrial  operations  constitute  that  por¬ 
tion  of  the  general  population  most  ex¬ 
posed  to  its  health  hazards.  Any  OSHA 
standard  to  limit  occupational  exposure 
to  benzene  is  written  for  their  prot^tion. 
However,  since  benzene  is  released  to  toe 
ambient  environment  and  has  impacts 
on  toe  environment  external  to  the  work¬ 
place.  it  is  also  a  matter  of  concern  to 
toe  Environmental  Protection  Agency 
(EPA)  which  is  responsible  for  safe¬ 
guarding  air  quality  under  toe  provisions 
of  the  Clean  Air  Act  (as  amended.  42 
U.S.C.  1857  et  seq.)  and  water  quality 
under  toe  provisions  of  toe  Water  Pollu¬ 
tion  Control  Act  of  1972. 

EPA  was  petitioned  by  toe  Environ¬ 
mental  Defense  Fund  on  April  14,  1977 
to  list  benzene  as  an  agent  of  concern 
under  secticm  112  of  toe  Clean  Air  Act 
no  later  than  May  30,  1977.  They  are 
currently  responding  to  this  petition.  If 
benzene  is  determined  to  be  a  hazardous 
air  pollutant,  toe  EPA  would  then  be 
responsible  for  proposing  a  regulaticm 
within  180  days  from  toe  date  of  listing. 
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In  its  ongoing  process  of  developing 
water  pollution  criteria.  EPA  is  currently 
evaluating  aquatic  benzene  toxicity.  At 
the  present  time,  benzene  effluents  are 
controlled  as  ccmtributors  to  the  total 
BOD  load  of  industrial  effluents.  As  such. 
OSHA  regulations  resulting  in  slightly 
more  benzene  effluent  would  not  conflict 
with  EPA  water  effluent  standards  as  long 
as  the  total  BOD  (biological  oxygen  de¬ 
mand)  level  is  controlled.  While  this 
relationship  in  regard  to  water  emissirms 
may  change  with  future  standard  setting 
on  the  part  of  EPA.  it  is  not  expected 
to  alter  industry’s  approach  to  compli¬ 
ance  with  OSHA  benzene  regulations. 
Since  benzene  is  normally  (mly  a  portion 
of  the  effluent  produced  by  a  given  indus¬ 
try  and  it  does  not  offer  any  unusual 
problems  during  water  treatment  (3) 
compliance  with  EIPA  regulations  can 
be  expected  to  be  within  industry’s 
capabilities. 

The  Consumer  Product  Safety  Com¬ 
mission  (CPSC)  was  petitioned  on  May 
8.  1977  by  the  Health  Research  Group 
to  ban  and  recall  benzene-containing 
products  by  its  authority  under  the  Haz¬ 
ardous  Substances  Act.  At  this  time  the 
agency  is  reviewing  the  petition  and  does 
intend  to  respcmd. 

Whatever  possible  action  the  CPSC 
might  take  should  create  no  interference 
with  OSHA’s  regulation  of  occupational 
exposure  to  benzene. 

Reterences 

(1)  Seminar  on  Air  Pollution  from  Motor 
Vehicles;  Technical  Coordination,  Office  of 
Air  Programs.  Environmental  Protection 
Agency;  1972.1. 

(2)  Air  Quality  Criteria  for  Photochemical 
Oxidants;  U.S.  Department  of  Health.  Edua- 
tlon  and  Welfare.  National  Air  Pollution  Con¬ 
trol  Administration.  No.  AP-63.  1970. 

(3)  Air  Quality  Criteria  for  Hydrocarbons; 
U.S.  Department  of  Health,  Education  and 
Welfare,  National  Air  Pollution  Control  Ad¬ 
ministration,  No.  AP-64,  1970. 

(4)  Burghardt,  E.  and  Jeltes,  K.;  Oas 

Chromatographic  Determination  of  Aromatic 
Hydrocarbons  in  Air  Using  a  Semi-Automa¬ 
tic  Preconcentration  Method;  Atmospheric 
Environ.,  9,  355-940;  1975.  « 

(5)  Walker.  P.;  Air  Pollution  Assessment 
of  Benzene;  Mitre  Technical  Report.  MIH- 
7188;  Mitre  Corporation.  McLean,  Va.;  1976. 

(6)  Adapted  from;  Compilation  of  Air  Pol¬ 
lution  Emission  Factors  (Revised),  U.S.  En¬ 
vironmental  Protection  Agency,  AP-42;  1972. 

(7)  Technology  Assessment  and  Economic 
Impact  Study  of  an  OSHA  Regulation  for 
Benzene — Draft  Report;  for  U.S.  Department 
of  Labor,  Occupational  Safety  and  Adminis¬ 
tration;  Arthur  D.  Little.  Inc.,  Cambridge. 
Mass..  October  1976. 

(8)  Air  Pollution  Engineering  Manual; 
Danielson.  John  A.,  ed.;  Environmental  Pro¬ 
tection  Agency,  Research  Triangle  Park, 
N.C..  1973. 

(9)  Ellerhorst,  H.;  Energy  Crisis;  Catalyst 
for  Change;  Modern  Paint  and  Coatings,  p. 
31-33;  October  1975. 

(10)  Policy  Statement  on  Use  of  the  Con¬ 
cept  of  Photochemical  Reactivity  or  Organic 
Compounds  In  State  Implementation  Plant 
for  Oxidant  Control,  EPA  Quality  Office,  Jan¬ 
uary  29,  1976. 

(11)  Conununlcation  with  Plant  Manager 
of  Durant  Paints.  Inc.,  Revere.  Bfassachu- 
setts. 

(12)  Communication  with  Plant  Manager 
of  Touralne  Paints,  Inc..  Everett,  Massa¬ 
chusetts. 


(13)  Howard,  P.  H  and  Sustln,  R.  R.;  Ben¬ 
zene  ;  Environmental  Sources  of  Contamina¬ 
tion,  Ambient  Levels  and  Fate;  Office  of  Tox¬ 
ic  Substances.  U.S.  Environmental  Protection 
Agency;  EPA  560  5-75-005;  December  1974. 

(14)  Blamer.  M.,  Saunders.  H.  L..  Orassle. 
J.  F.  and  Hamson.  O.  R.;  A  Small  (Jll  Spill; 
Environment,  13.  2-12;  March  1971. 

(15)  Communication  with  Mr.  J.  L.  Goodi- 
er,  Blo-Envlro  Section,  Arthur  D.  Little.  Inc., 
Cambridge,  Massachusetts;  December  1976. 

(18)  Communication  with  Mr.  O.  Hama; 
Industrial  Hygienist,  Wayne  State  University, 
Detroit,  Michigan;  December  1976. 

VII.  Public  Participation;  Notice  of 
Hearing 

Interested  piersons  are  invited  to  sub¬ 
mit  written  data,  views  and  arguments 
with  respect  to  the  ETS  and  this  sub¬ 
sequent  proposal.  These  comments  must 
be  postmarked  on  or  before  June  27. 
1977.  and  submitted  in  quadruplicate  to 
the  Docket  Officer.  Docket  H-059.  Room 
S6212.  U.S.  Department  of  Labor.  3rd 
Street  and  Constitution  Avenue,  N.W., 
Washington.  C.C.  20210.  Written  sub¬ 
missions  must  clearly  identify  the  pro¬ 
visions  of  either  the  ETS.  the  proposal, 
or  both  which  are  addressed  and  the 
position  taken  with  respect  to  each  issue 
therein.  The  data,  views  and  arguments 
that  are  submitted  will  be  available  for 
public  inspection  and  copying  at.  the 
above  address.  All  timely  written  submis¬ 
sions  received  will  be  made  a  part  of 
the  record  for  this  proceeding. 

Pursuant  to  section  6(b)(3)  of  the 
Act.  an  opportunity  to  submit  oral  testi¬ 
mony  concerning  the  issues  raised  by 
the  ETS  and  the  proposed  standard,  in¬ 
cluding  the  economic  and  environmental 
impacts,  will  be  provided  at  an  informal 
public  hearing  scheduled  to  begin  at  9:30 
a.m.  (HI  July  19.  1977,  in  the  Auditorium. 
New  Department  of  Labor  Building,  3rd 
Street  and  Constitution  Avenue,  N.W.. 
Washington,  D.C.,  20210. 

NOTICES  OF  INTENTION  TO  APPEAR 

All  perscHis  desiring  to  participate  at 
the  hearing,  must  file  in  quadruplicate, 
a  notice  of  intention  to  appear,  post¬ 
marked  on  or  before  June  27,  1977  with 
the  OSHA  Division  of  Consumer  Affairs, 
Docket  No.  H-059.  Room  N-3635.  U.S. 
Department  of  Labor,  3rd  Street  and 
Constitution  Avenue,  N.W.,  Washington. 
D.C.  20210  (telephone:  (202)  523-8024). 
The  notices  of  intention  to  appear,  which 
will  be  available  for  inspection  and  copy¬ 
ing  at  the  OSHA  Technical  Data  Center- 
Docket  Office  (Room  S6212).  telephCHie 
(202)  523-7894,  must  contain  the  follow¬ 
ing  information: 

(1)  The  name,  address,  and  telephone 
number  of  each  person  to  appear; 

(2)  The  capacity  in  which  the  perscm 
will  appear; 

(3)  The  approximate  amount  of  time 
requested  for  the  presentation; 

(4)  ’The  specific  issues  that  will  be 
addressed ; 

(5)  A  detailed  statement  of  the  posi¬ 
tion  that  will  be  taken  with  respect  to 
each  issue  addressed;  and 

(6)  Whether  the  party  intends  to  sub¬ 
mit  documentary  evidence,  and  if  so,  a 
brief  summary  of  that  evidence. 


FILING  OF  TESratONT  AND  EVIDENCHI 

BEFORE  HEARINC 

Any  party  requesting  more  than  15 
minutes  for  a  presentation  at  the  hear¬ 
ing,  or  who  will  submit  d(x;umentary 
evidence,  must  provide  in  quadruplicate 
the  complete  text  of  testimony,  including 
any  d(x:umentary  evidence  to  be  pre¬ 
sented  at  the  hearing,  to  the  OSHA  Di¬ 
vision  of  C(Hisumer  Affairs.  This  material 
must  be  received  by  July  11.  1977,  and 
will  be  available  for  inspection  and 
copying  at  the  Technical  Data  Center — 
Docket  Office.  Elach  such  submission  will 
be  reviewed  in  light  of  the  amount  of 
time  reouested  in  the  notice  of  intention 
to  appear.  In  those  instances  where  the 
information  contained  in  the  submission 
does  not  justify  the  amount  of  time  re¬ 
quested,  a  more  appropriate  amount  of 
time  will  be  all(x;at^  and  the  participant 
will  be  notified  of  that  fact. 

Any  party  who  has  not  substantially 
compli^  with  this  requirement  may  be 
limited  to  a  15  minute  presentation,  and 
may  be  requested  to  return  for  question¬ 
ing  at  a  later  time. 

'  CONDUCT  OF  HEARINGS 

The  hearing  will  commence  at  9:30 
a.m.  on  July  19.  1977,  with  resolution  of 
any  prcKedural  matters  relating  to  the 
proceeding.  The  hearing  will  be  con¬ 
ducted  in  accordance  with  29  CFR  Part 
1911.  In  view  of  the  ETS  and  its  emer¬ 
gency  nature,  the  hearing  will  be  con¬ 
ducted  in  as  expedited  a  manner  as 
possible,  consistent  with  a  full  develop¬ 
ment  of  the  record  and  rights  of  the 
parties. 

The  hearings  will  be  presided  over 
by  an  Administrative  Law  Judge  who 
will  have  all  the  powers  necessary  or  ap¬ 
propriate  to  ccHiduct  a  full  and  fair  in- 
formal  hearing  as  provided  in  29  CFR 
Part  1911.  Following  the  close  of  the 
hearing  or  of  any  post  hearing  ccxnment 
period  that  might  be  provided,  the  Ad¬ 
ministrative  Law  Judge  will  certify  the 
record  to  the  Assistant  Secretai7  of 
Labor  for  Occupational  Safety  and 
Health.  The  proptisal  will  be  reviewed  in 
light  of  all  oral  and  written  submissions 
received  as  part  of  the  record,  and  a 
standard  will  be  issued  based  on  the  en¬ 
tire  record  in  this  pnx:eeding. 

Vin.  Authority 

This  document  was  prepared  under  the 
direction  of  Eula  Bingham.  Assistant 
Secretary  of  Labor  for  Occupational 
Safety  and  Health.  U.S.  Department  of 
Labor,  'Third  Street  and  Constitution 
Avenue.  N.W.,  Washington,  D.C.  20210. 

Accordingly,  pursuant  to  sections  4(b) . 
6(b).  6(c)  and  8(c)  of  the  Occupational 
Safety  and  Health  Act  of  1970  (84  Stat 
1592,  1593,  1596,  1599.  29  U.S.C.  653.  655, 
657).  the  Secretary  of  Labor’s  Order 
No.  8-76  (41  PR  25059),  and  29  CFR 
Part  191 1.  it  is  hereby  proposed  to  amend 
Part  1910  of  Titie  29.  Code  of  Fed¬ 
eral  Regulations  by  amending  section 
1910.1028  as  set  forth  below.  In  addition, 
pursuant  to  sectiem  4(b)(2)  of  the  Act 
(84  Stat.  1592;  29  U.S.C.  653),  OSHA 
is  of  the  view  that  the  proposed  standard 
is  mine  effective  than  the  (XHresponding 
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standards  now  In  Subpart  B  of  Part 
1910,  in  Parts  1915,  1916,  1917,  1918  and 
1926  of  Title  29,  Code  of  Federal  Regula¬ 
tions.  Therefore,  these  corresponding 
standards  would  also  be  superseded  by 
the  new  proposed  standard. 

Note. — It  Is  hereby  certified  that  the 
economic  and  iufiationary  impact  of  this 
proposed  regulation  has  been  carefully 
evaluated  in  accordance  with  Executive 
Orders  11821  and  11949. 

Signed  at  Washington,  D.C.,  this  20th 
day  of  May  1977. 

Eula  Bingham, 
Assistant  Secretary  of  Labor. 

Part  1910  of  Title  29  of  the  Code  of 
Federal  Regulations  is  therefore  pro¬ 
posed  to  be  amended  by  revising  §  1910.- 
1028  to  read  as  follows: 

§1910.1028  Benzene. 

(a)  Scope  and  application.  (1)  This 
section  applies  to  production,  reaction, 
release,  packaging,  repackaging,  storage, 
transportation,  handling,  or  use  of  'ben¬ 
zene. 

(2)  This  section  does  not  apply: 

(i)  To  the  storage,  transportation,  dis¬ 
tribution,  dispensing,  or  sale  of  gasoline 
as  a  fuel  subsequent  to  discharge/of  such 
gasoline  from  bulk  terminals;  or 

(ii  To  work  operations  where  the  only 
exposure  to  benzene  is  from  liquid  mix¬ 
tures  containing  1%  (0.1%  after  one  year 
from  the  effective  date  of  this  standard) 
or  less  of  benzene  by  volume,  or  the 
vapors  released  frexn  these  liquMs. 

(b)  Definitions.  For  the  purpose  of  this 
section: 

“Assistant  Secretary’’  means  the  As¬ 
sistant  Secretary  of  Labor  for  Occupa¬ 
tional  Safety  and  Health,  or  designee. 

“Authorized  person’’  means  any  per¬ 
son  specifically  authorized  by  the  em¬ 
ployer  whose  duties  require  the  person 
to  enter  a  regulated  area,  or  any  per¬ 
son  entering  such  an  area  for  the  purpose 
of  exercising  the  opportunity  to  observe 
monitoring  and  measming  procedures 
under  paragraph  (m)  of  this  section. 

“Benzene”  (C6H6)  (CAS  Registry  No. 
000071432) ,  means  benzene,  or  a  mixture 
of  liquids  containing  benzene,  or  the 
benzene  vapor  released  by  these  liquids, 
or  the  benzene  vapor  released  by  any 
other  materials. 

“Bulk  terminal”  means  a  facility 
which  is  primarily  used  for  the  market¬ 
ing  of  gasoline  which  receives  its  pe- 
troleiun  products  by  tanker,  barge,  or 
pipeline. 

“Director”  means  the  Director,  Na¬ 
tional  Institute  for  Occupational  Safe¬ 
ty  and  Health,  U.S.  Department  of 
Health,  Education  and  Welfare,  or  des¬ 
ignee. 

“OSHA  Area  OflBce”  means  that  of¬ 
fice  of  the  Occupational  Safety  and 
Health  Administration  having  jurisdic¬ 
tion  over  the  geographic  area  where  the 
employer’s  establishment  is  located. 

(c)  Exposure  Limits. — (1)  Permis¬ 
sible  exposure  limits,  (i)  The  employer 
shall  assure  that  no  employee  is  exposed 
to  an  airborne  concentration  of  benzene 
in  excess  of  1  part  benzene  per  million 
parts  of  air  (1  pixn)  as  an  8-hour  time- 
weighted  average. 
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(ii)  the  employer  shall  assure  that  no 
employee  is  exposed  to  an  airborne  con¬ 
centration  of  tenzene  in  excess  of  5  ppm 
as  averaged  over  any  15  minute  period. 

(2)  Eye  and  dermal  exposure  limit. 
The  employer  shall  assure  that  no  em¬ 
ployee  is  exposed  to  eye  contact  or  re¬ 
peated  skm  contact  with  benzene. 

(d)  Regulated  areas.  (1)  The  em¬ 
ployer  shall  establish  within  the  place 
of  employment  regulated  areas  where: 

(1)  Benzene  is  produced,  reacted,  re- 
lea.sed,  packaged,  repackaged,  handled, 
stored,  or  used;  and 

(ii)  Benzene  concentrations  are  in  ex¬ 
cess  of  the  permissible  exposure  limit. 

(2)  The  employer  shall  limit  access  to 
regulated  areas  to  authorized  persons. 

(3)  Notification  of  Use.  Within  30 
days  followmg  the  establishment  of  a 
regulated  area,  the  employer  shall  re¬ 
port  the  following  information  to  the 
OSHA  area  office: 

(1)  The  address  of  each  establishment 
which  has  one  or  more  regulated  areas; 

(ii)  The  location  of  each  regulated 
area; 

(iii)  A  brief  description  of  each  proc¬ 
ess  or  operation  which  may  result  in 
employee  exposure  to  benzene  in  each 
regulated  area ;  and 

(iv)  The  number  of  employes  engaged 
in  each  process  or  operation  in  each 
regulated  area  which  may  result  in  ex¬ 
posure  to  benzene,  and  an  estimate  of 
the  frequency  and  degree,  of  exposure 
that  results. 

(e)  Exposure  monitoring  and  meas¬ 
urement — (1)  Employee  exposure.  For 
the  purposes  of  this  sectiem,  employee 
exposure  is  that  exposure  which  would 
occur  if  the  employee  were  not  using  a 
respirator. 

(2)  Monitoring.  Each  employer  who 
has  a  place  of  employment  where  ben¬ 
zene  is  present  shall  monitor  each  such 
workplace  and  work  operation  to  de¬ 
termine  the  airborne  concentrations  of 
benzene  to  which  employees  may  be  ex¬ 
posed.  This  determination  shall  be 
made  by  monitoring  and  measurements 
which  are.  representative  erf  each  em¬ 
ployee’s  exposure  to  benzene. 

(3)  Frequency  of  monitoring.  The 
monitoring  required  under  paragraph 
(e)  (2)  of  this  section  shall  be  conducted, 
and  the  results  obtained,  with  30  days  of 
the  effective  date  of  this  section  and 
thereafter  repeated  quarterly  for  em¬ 
ployees  whose  exposure  is  found  not  to  be 
in  exce&s  of  the  permissible  exposure 
limit,  and  monthly  for  those  employees 
whose  exposure  is  found  to  be  in  excess 
of  the  permissible  exposure  limit.  Where 
exposures  in  excess  of  the  permissible  ex¬ 
posure  limit,  the  employer  shall  continue 
monthly  monitoring  until  at  least  two 
consecutive  measurements  taken  at  least 
(7)  days  apart  are  not  in  excess  of  the 
permissible  exposure  limit,  and  there¬ 
after  the  employer  shall  monitor  quar¬ 
terly. 

(4)  Redetermination.  Whenever  there 
has  been  a  production,  process,  or  con¬ 
trol  change  which  may*  result  in  new  or 
additional  exposure  to  benzene,  or 
whenever  the  employer  has  any  other 
reason  to  suspect  a  change  which  may 
result  in  new  or  additional  exposures  to 
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benzene,  the  employer  shall  repeat  the 
monitoring  whicli  is  required  by  para¬ 
graph  (e)(2)  of  this  section. 

(5)  Employee  notification,  (i)  Within 
5  working  days  after  the  receipt  of  meas¬ 
urement  results,  the  employer  shall 
notify  each  employee  in  writing  of  the 
exposure  measurements  which  represent 
that  employee’s  exposure. 

(ii)  Where  the  results  reveal  the  em¬ 
ployee’s  exposure  to  be  in  excess  of  the 
permissible  exf)osure  limit,  such  notifica¬ 
tion  shall  also  include  the  corrective  ac¬ 
tion  to  be  taken  to  reduce  exposure  to  or 
below  the  permissible  exposure  limit. 

(6)  Accuracy  of  measurement.  The 
employer  shall  use  a  method  of  measure¬ 
ment  which  has  an  accuracy,  to  a  confi¬ 
dence  level  of  95  percent,  of  not  less  than 
plus  or  minus  25  percent  for  concentra¬ 
tions  of  benzene  greater  than  or  equal  to 

,  1  ppm. 

(f)  Methods  of  compliance.  The  em¬ 
ployer  shall  control  employee  exposures 
to  airborne  concentrations  of  benzene  to 
or  below  the  permissible  exposure  limit 
by  engmeering  controls,  work  practices 
and  respiratory  protection  as  follows: 

(1)  Priority  of  compliance  methods. 

The  employer  shall  institute  engineer¬ 
ing  and  work  practice  controls  to  reduce 
and  maintain  employee  exposures  to 
benzene  at  or  below  the  permissible  ex¬ 
posure  limit,  except  to  the  extent  that 
the  employer  establishes  that  such  con¬ 
trols  are  not  feasible.  Whenever  the  en¬ 
gineering  and  work  practice  controls 
which  can  be  instituted  are  not  sufficient 
to  reduce  employee  exposures  to  or  below 
the  permissible  exposure  limit,  the  em¬ 
ployer  shall  nonetheless  use  them  to  re¬ 
duce  exposures  to  the  lowest  level  achiev¬ 
able  by  these  controls  and  shall  supple¬ 
ment  them  by  the  use  of  respiratory  pro¬ 
tection  which  complies  with  the  require¬ 
ments  of  paragraph  (g)  of  this  section. 

(2)  Compliance  program,  (i)  The  em¬ 
ployer  shall  establish  and  implement  a 
written  program  to  reduce  exposures  to 
or  below  the  permissible  exposure  limit 
solely  by  means  of  engineering  and  work 
practice  controls  required  by  paragraph 
(f)  (1)  of  this  section. 

(ii)  Written  plans  for  these  compli¬ 
ance  programs  shall  include  a  schedule 
for  development  and  implementation  of 
the  engineering  and  work  practice  con¬ 
trols.  These  plans  shall  be  revised  and 
updated  at  least  every  six  months  to  re¬ 
flect  the  current  status  of  the  programs. 

(iii)  Written  plans  for  these  compli¬ 
ance  programs  ^all  be  submitted,  upon 
requests,  to  the  Assistant  Secretary  and 
the  Director,  and  shall  be  available  at  the 
worksite  for  examination  and  copying  by 
the  Assistant  Secretary,  the  Director, 
and  the  employees  or  their  authorized 
representatives. 

(iv)  the  employer  shall  institute  and 
maintain  the  controls  described  in  his 
most  recent  written  compliance  program. 

(g)  Respiratory  protection — (1)  Gen¬ 
eral.  Where  respiratory  protection  is  re¬ 
quired  under  this  section,  the  employer 
shall  select,  provide  and  assure  the  use 
of  respirators.  Compliance  with  the  per¬ 
missible  exposure  limit  may  not  be 
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achieved  by  the  use  of  respirators  ex* 
cept: 

(i)  During  the  time  period  necessary 
to  install  or  implement  feasible  engi¬ 
neering  and  work  practice  cmitrols;  or 

(ii)  In  work  operations  such  as  main¬ 
tenance  and  repair  activities  in  which 
engineering  and  work  practice  controls 
are  not  feasible;  or 

(iii)  In  work  situations  where  feasible 
engineering  and  work  practice  controls 
are  not  yet  sufficient  to  reduce  exposure 
to  or  below  the  permissible  exposure 
limit;  or 


(iv)  In  emergencies. 

(2)  Respirator  selection,  (i)  Where 
respirators  are  required  under  this  sec¬ 
tion.  the  employer  shall  select  and  pro¬ 
vide  the  appropriate  respirator  from 
Table  I  below  and  shall  assure  that  the 
employee  uses  the  respirator  provided. 

(ii)  The  employer  shall  select  respira¬ 
tors  from  among  those  approved  by  the 
National  Institute  for  Occupational 
Safety  and  Health  under  the  provisions 
of  30  CPR  Part  11. 


Table  I. — Respibatokt  Pkotbctiom  fob  Benzene 


Concentration  of  benzene 
or  condition  of  use 


Respirator  type 


(a)  Less  than  or  equal  to  10  p/m. 


(b)  Less  than  or  equal  to  50  p/m. 


(c)  Less  than  or  equal  to  1,000 
p/m. 

(d)  Less  than  or  equal  to  2,000 
p/m. 

(e)  Less  than  or  equal  to  10,000 
p/m. 


(/)  Escape. 


( 1 )  Any  chemical  cartridge  respirator  with  organic  va¬ 
por  cartridge  and;  or 

(2)  Any  supplied  air  respirator. 

(1)  Any  chemical  cartridge  respirator  with  organic  va¬ 
por  cartridge  and  full  facepiece;  or 

(2)  Any  supplied  air  respirator  with  full  facepiece;  or 

(3)  Any  organic  vapor  gas  mask;  or 

(4)  Any  self-contained  breathing  apparatus  with  full 
facepiece. 

(1)  Supplied  air  respirator  with  half  mask  In  positive 
pressure  mode. 

(1)  Supplied  air  respirator  with  full  facepiece,  helmet, 
or  hood.  In  positive  pressure  mode. 

(1)  Supplied  air  respirator  and  auxiliary  self-contained 
facepiece  In  positive  pressure  mode;  or 

(2)  Open, circuit  self-contained  breathing  apparatus 
with  full  facepiece  In  positive  pressure  mode. 

( 1 )  Any  organic  vapor  gas  mask;  or 

(2)  Any  self-contained  breathing  apparatus  with  full 
facepiece. 


(3)  Respirator  proqram.  The  emoloyer 
shall  institute  a  respiratory  protection 
program  in  accordance  with  $  1910.134 

(b).  (d),  (e)  and  (f). 

(4)  Respirator  use.  (i)  Where  air- 
purifying  respirators  are  used  (cartridge, 
canister,  or  gas  mask),  the  employer 
shall  replace  the  air-purifying  canisters 
or  cartridges  prior  to  the  expiration  of 
their  service  life  or  the  end  of  the  shift 
in  which  they  are  first  used,  whichever 
occurs  first. 

(ii)  Ihe  employer  shall  assure  that  the 
respirator  issued  to  the  employee  exhib¬ 
its  minimum  facepiece  leakage  and  that 
the  respirator  is  properly  fitted. 

(iii)  The  employer  shall  allow  each 
employee  who  wears  a  respirator  to  wash 
his  or  her  face  and  respirator  facepiece 
to  prevent  skin  irritation  associated  with 
respirator  use. 

(h)  Protective  clothing  and  equip¬ 
ment.  Where  eye  or  repeated  skin  con¬ 
tact  with  liquid  benzene  may  occur,  the 
employer  shall  provide  and  assure  that 
employees  wear  appropriate  protective 
clothing  and  equipment  to  protect  the 
area  of  the  body  likely  to  come  in  con¬ 
tact  with  liquid  benzene. 

(i)  Medical  surveillance. 

(1)  The  employer  shall  make  ayailable 
a  medical  surveillance  program  for  ail 
employees  who  are  or  will  be  exposed  to 
benzene.  The  medical  surveillance  pro¬ 
gram  shall  include: 

(i)  A  history  which  includes  past  work 
exposures  to  benzene  or  any  other  he¬ 
matologic  toxins;  a  family  histm-y  of 
blood  dyscrasias  including  hematological 
neoplasms;  a  history  of  blood  dyscrasias 


including  genetically  related  hemoglobin 
alterations,  bleeding  abnormalities,  ab¬ 
normal  function  of  formed  blood  ele¬ 
ments;  a  history  of  renal  or  liver  dys¬ 
function;  a  history  of  drugs  routinely 
taken,  alcoholic  intake  and  systemic  in¬ 
fections; 

(ii)  A  complete  blood  count  including 
red  cell  count,  white  cell  count,  platelet 
count,  hematocrit,  hemoglobin,  mean 
corpuscular  volume,  a  dilTerential  white 
blood  cell  count; 

(iii)  A  reticulocyte  count; 

(iv)  A  serum  bilirubin;  and 

(v)  Additional  tests  where,  in  the  opin¬ 
ion  of  the  examining  physician,  altera¬ 
tions  in  the  components  of  the  blood  are 
related  to  benzene  exposure. 

(2)  The  employer  ^all  assure  that  all 
medical  procedures  are  performed  by  or 
under  the  supervision  of  a  licensed  phy¬ 
sician  and  provided  without  cost  to  the 
employee. 

(3)  Medical  surveillance  smd  testing 
of  each  employee  shall  be  conducted 
within  thirty  days  of  the  effective  date 
of  this  section  or  within  thirty  days  fol¬ 
lowing  placement  in  a  job  involving  ex¬ 
posure  to  benzene,  and  quarterly  there¬ 
after. 

(4)  Interim  examinations.  If  the  em¬ 
ployee  is  accidentally  exix>sed  by  inges¬ 
tion.  inhalation  or  by  skin  or  eye  contact 
under  conditions  known  or  suspected  to 
be  immediately  hazardous,  or  for  any 
reason  develops  signs  and  symptoms 
commonly  associated  with  toxic  exposure 
to  benzene,  the  employer  shall  provide 
appropriate  examination  and  emergency 
m^ical  treatment. 


(5)  Information  provided  to  the  phy¬ 
sician.  The  employer  shall  int>vide  the 
following  informatimi  to  the  examining 
physician: 

(i)  A  copy  of  this  regtdation  and  its 
appendixes; 

(ii)  A  descripticm  of  the  affected  em¬ 
ployee’s  duties  as  they  relate  to  the  em¬ 
ployee’s  exposure; 

<Ui)  The  employee's  represmtative  ex¬ 
posure  level;  and 

(iv)  A  description  of  any  personal  pro¬ 
tective  equipment  used  or  to  be  used. 

(6)  Physician's  written  opinion.  <i) 
The  emi^oyer  shall  obtain  a  written 
opinion  from  the  examining  physician 
which  shall  include; 

(a)  The  results  of  medical  testing; 

(b)  The  physician’s  opinion  as  to 
whether  the  employee  has  any  detected 
medical  condition  which  would  place  the 
employee  at  increased  risk  of  material 
impairment  of  the  employee’s  health 
from  exposure  to  benzene; 

(c)  Any  recommended  limitations  upon 
the  employee’s  exposure  to  benzene  or 
upon  the  use  of  protective  clothing  and 
equipment  such  as  respirators;  and 

(d)  A  statement  that  the  employee  has 
been  informed  by  the  physician  of  any 
medical  conditions  which  require  fur¬ 
ther  examination  or  treatment. 

(ii)  The  employer  shall  instruct  the 
physician  not  to  reveal  in  the  written 
opinion  specific  findings  or  diagnoses  un¬ 
related  to  occupational  exposure. 

( ill)'  The  employer  shall  provide  a  copy 
of  the  written  opinion  to  the  affect^ 
employee. 

(j)  Employee  information  and  train¬ 
ing. — (1)  Training  program.  The  em¬ 
ployer  shall  provide  a  training  program 
for  employees  assigned  to  workplaces 
where  benzene  is  oresent  and  shall  as¬ 
sure  that  each  affected  employee  is  in¬ 
formed  of  the  following: 

(1)  Ihe  information  contained  in  the 
substance  data  sheet  for  benzene  which 
is  contained  in  Appendix  A  to  this  part; 

(ii)  Ihe  quantity,  location,  manner  of 
use,  release  or  storage  of  benzene  and  the 
specific  nature  of  operations  which  could 
result  in  exposure  above  the  permissible 
exposure  limit,  as  well  as  necessary  pro¬ 
tective  steps: 

(iii)  The  purpose,  proper  use,  and  lim¬ 
itations  of  respiratory  devices  as  speci¬ 
fied  in  paragraph  (g)  of  this  section  and 
in  4  1910.134  (b) .  (d) .  (e) ,  and  (f )  of  this 
Part; 

(iv)  The  purpose  and  a  description  of 
the  medical  surveillance  program  re¬ 
quired  by  paragraph  (i)  of  this  section 
and  the  information  contained  in  Ap¬ 
pendix  C  of  this  section;  and 

( v>  The  contents  of  this  standard. 

(2)  Access  to  training  materials.  (i> 
The  emoloyer  shall  make  a  copy  of  this 
standard  and  its  appendixes  readily 
available  to  all  affected  employees. 

(ii)  The  emoloyer  shall  provide,  upon 
request,  all  materials  relating  io  the  em¬ 
ployee  Information  and  training  pro¬ 
gram  to  the  Assistant  Secretary  and  the 
Director. 

(k)  Signs  and  labels.  (1)  The  em¬ 
ployer  shall  post  signs  in  the  regulated 
area  bearing  the  legend : 
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DANGER 

BENZENE 
CANCER  HAZARD 

AUTHORIZED  PERSONNEL  ONLY 
RESPIRATOR  REQUIRED 

(2)  The  employer  shall  assure  that 
caution  labels  are  affixed  to  all  contain¬ 
ers  of  benzene  and  of  products  con¬ 
taining  benzene,  and  that  labels  remain 
affixed  when  the  benzene  or  products 
containing  benzene  are  sold,  distributed 
or  otherwise  leave  the  employer’s  work¬ 
place. 

(3)  The  caution  labels  required  by 
paragraph  (k)  (2)  of  this  section  shall  be 
readily  visible  and  legible.  The  labels 
shall  bear  the  legend: 

CAUTION 

CONTAINS  BENZENE 
CANCER  HAZARD 

(4)  The  employer  shall  as-sure  that  no 
statement  which  contradicts  or  detracts 
from  the  required  information  appears 
on  or  near  any  required  sign  or  label. 

(1)  Recordkeeping  —  (1)  Exposure 
measurements.  The  employer  shall  es¬ 
tablish  and  maintain  an  accurate  rec¬ 
ord  of  all  measurements  required  by 
paragraph  (e)  of  this  section. 

(1)  This  record  shall  include: 

(a)  The  dates,  number,  duration  and 
results  of  each  of  the  samples  taken,  in¬ 
cluding  a  decription  of  the  sampling  pro¬ 
cedure  used  to  determine  representative 
employee  exposures; 

(b)  A  description  of  the  sampliiig  and 
analytical  methods  used: 

(c)  Type  of  respiratory  protective  de¬ 
vices  worn,  if  any:  and, 

(d)  Name,  social  security  number,  and 
job  classification  of  the  employee  moni¬ 
tored  and  all  of  other  employees  whose 
exposure  the  measurement  is  intended  to 
represent. 

(ii)  The  employer  shall  maintain  this 
record  for  at  lea.st  40  years  or  the  dura¬ 
tion  of  employment  plus  20  years,  which¬ 
ever  is  longer. 

(2)  Medical  surveillance.  The  em¬ 
ployer  shall  establish  and  maintain  an 
accurate  record  for  each  employee  sub¬ 
ject  to  medical  surveillance  as  required 
by  paragraph  (i)  of  this  sectimi. 

*  (i)  This  record  shall  include: 

(a)  A  copy  of  the  physician’s  written 
opinion;  and 

(b)  Any  employee  medical  complaints 
related  to  exposure  to  benzene: 

(c)  A  copy  of  the  infonnation  pro¬ 
vided  to  the  physician  as  required  by 
paragraph  <i)(5)  of  this  section:  and 

(d)  A  copy  of  the  employee’s  work 
history. 

‘  ii  >  The  employer  shall  maintain  med¬ 
ical  records  required  under  paragraph 
^lM2i  of  this  .section  for  at  least  40 
years  or  for  the  duration  of  employment 
plus  20  years,  whichever  is  longer. 

(3)  Availability,  (i)  The  employer 
shall  assure  that  all  records  required  to 
be  maintained  by  this  section  be  made 
available  upon  request  to  the  Assistant 
Secretary  and  the  Director  for  examina¬ 
tion  and  copying. 

(ii)  The  employer  shall  assure  that 
employee  exposure  measurement  rec¬ 
ords  as  required  by  this  section  be  made 
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available  for  examination  and  copying 
to  affected  employees  or  their  designated 
representatives. 

(iii)  The  employer  shall  assure  that 
former  employees  and  the  employees’ 
designated  representatives  have  access 
to  such  recorcis  as  will  indicate  the  em¬ 
ployees’  own  exposures  to  benzene. 

(Iv)  The  employer  shall  assure  that 
employee  medical  recoixls  required  to  be 
maintained  by  this  .section  be  made 
available  upon  request  for  examination 
and  copying  to  a  physician  designated 
by  the  affected  employee  or  former  em¬ 
ployee. 

(4)  Transfer  of  records,  (i)  Whenever 
the  employer  ceases  to  do  business,  the 
successor  employer  shall  receive  and  re¬ 
tain  all  record  required  to  be  maintained 
by  paragraph  (1)  of  tills  section. 

(ii)  Whenever  the  employer  ceases  to 
do  business  and  there  is  no  successor 
employer  to  receive  and  retain  the  rec¬ 
ords  for  the  prescribed  period,  the  em¬ 
ployer  shall  transmit  these  records  by 
registered  mail  to  the  Director. 

(iii)  At  the  expiration  of  the  retention 
period  for  the  records  required  to  be 
maintained  under  paragraph  (1)(1) 
and  (1)(2)  of  this  section,  the  employer 
shall  transmit  these  records  by  rois¬ 
tered  mall  to  the  Director. 

<m)  Observation  of  monitoring — (1) 
Employee  observation.  The  employer 
shall  provide  affected  employees  or  their 
designated  representatives  an  opportu¬ 
nity  to  observe  any  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzene 
conducted  pursuant  to  paragraph  (e) 
of  this  section. 

(2)  Observation  procedures,  (i)  When 
observation  of  the  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzene 
requires  entry  into  an  area  where  the 
use  of  protective  clothing  and  equip¬ 
ment,  including  respirators,  is  required, 
the  employer  shall  provide  the  observer 
with  personal  protective  clothing  or 
equipment  required  to  be  wom  by  em¬ 
ployees  working  in  the  area,  assure  the 
use  of  such  clothing  or  equipment,  and 
require  the  observer  to  comply  with  all 
other  applicable  safety  and  healtli 
procedures. 

(ii)  Without  interfering  with  tlie 
measurement,  observers  shall  be  entitled 
to: 

(a)  Receive  an  explanation  of  the 
measurement  procedures: 

(b)  Observe  all  steps  related  to  the 
measurement  of  airborne  concentrations 
of  benzene  performed  at  the  place  of  ex¬ 
posure:  and 

(c)  Record  the  results  obtained. 

(n)  Effective  date.  This  section  shall 
become  effective  30  days  following  pub¬ 
lication. 

(o>  Appendixes.  The  information  con¬ 
tained  in  the  appendixes  Is  not  intended, 
by  itself,  to  create  any  additional  obli¬ 
gations  not  otherwise  imposed  or  to  de¬ 
tract  from  any  existing  obligation. 

Appendix  A. — Substance  Safety  Data  Sheet; 

Benzene 

I.  substance  identification 

A.  Substance:  Benzene  (C,,H  ). 

B.  Permissible  Exposure  Limit.  1.  Airborne. 
1  part  of  benzene  vapor  per  million  parts  of 


air  ( 1  ppm)  as  a  time-weighted  average 
(TWA)  for  an  8-hour  workday  with  a  celling 
concentration  of  5  ppm.  as  averaged  over  any 
15  minute  period. 

2.  Dermal.  Eye  contact  and  repeated  skin 
contact  wl*h  liquid  benzene  Is  prohibited. 

C.  Appearance  and  odor.  Benzene  Is  a 
clear,  colorless  liquid  with  a  pleasant,  sweet 
odor.  The  odor  of  benzene  does  not  provide 
adequate  warning  of  its  hazard. 

II.  HEALTH  HAZABD  DATA 

A.  Ways  in  which  the  benzene  affects  your 
health.  Berzene  can  affect  your  health  if  you 
Inhale  it.  or  If  It  comes  in  contact  with  your 
skin  or  eyes.  Benzene  may  also  be  harmful  if 
you  swallow  It. 

B.  Effects  of  overexposure.  1.  Short-term 
(acute)  overexposure:  If  you  are  overexposed 
to  high  concentrations  of  benzene,  you  may 
feel  breathless,  irritable,  euphoric,  or  giddy; 
you  may  experience  irritation  in  eyes.  nose, 
and  respiratory  tract.  You  may  develop  a 
headache,  feel  dizzy,  nauseous,  or  experience 
unsteadiness  in  walking.  Severe  exposures 
may  lead  to  convulsions. 

2.  Long-term  (chronic)  exposure:  Repeat¬ 
ed  and  prolonged  exposure  of  benzene  may 
cause  headache,  fatigue,  exhaustion,  tenden¬ 
cy  to  bleed,  nervousness,  sleeplessness,  short¬ 
ness  of  breath,  and  serious  blood  disorders, 
including  leukemia. 

HI.  PROTECTIVE  CLOTHING  AND  EQUIPMENT 

A.  Respirators:  Respirators  are  required 
for  those  operations  in  which  engineering 
controls  or  work  practice  controls  are  not 
available  to  reduce  exposure  to  the  permissi¬ 
ble  exposure  limit.  If  respirators  are  worn, 
they  must  have  a  National  Institute  for  Oc¬ 
cupational  Safety  and  Health  (NIOSH)  seal 
of  approval.  If  you  experience  difficulty 
breathing  while  wearing  a  respirator,  tell 
yom  employer. 

B.  Protective  Clothing :  You  must  wear  ap¬ 
propriate  protective  clothing  (such  as  boots, 
gloves,  sleeves,  aprons,  etc.)  over  any  parts 
of  your  body  that  could  be  repeatedly  ex¬ 
posed  to  liquid  benzene. 

C.  Eye  and  Pace  Protection:  You  should 
wear  splash  proof  safety  goggles  if  it  is  pos¬ 
sible  that  benzene  may  get  into  your  eyes. 
In  addition,  you  should  wear  a  face  shield 
if  your  face  could  be  splashed  with  benzene 
liquid. 

IV  EMERGENCY  AND  FIRST  AID  PROCEDURES 

A.  Eye  and  face  exposure:  If  benzene  is 
splashed  in  your  eyes,  wash  it  out  immedi¬ 
ately  with  large  amounts  of  water.  Call  a 
doctor  as  soon  as  possible. 

B.  Skin  exposure:  If  benzene  is  spilled  on 
your  clothing  or  skin,  remove  the  contami¬ 
nated  clothing  and  wash  the  exposed  skin 
with  large  amounts  of  water  and  soap  im¬ 
mediately. 

C.  Breathing:  If  you  or  any  other  person 
breathes  in  large  amounts  of  benzene,  get 
yourself  or  the  exposed  person  to  fresh  air 
at  once.  Apply  artificial  respiration  if  breath¬ 
ing  has  stopped.  Call' a  doctor  as  soon  as 
possible. 

D.  Swallowing;  If  benzene  has  been  swal¬ 
lowed  do  not  Induce  vomiting  because  it 
will  cause  further  harm.  Call  a  doctor 
immediately. 

V.  MEDICAL  REQUIREMENTS 

If  you  are  exposed  to  benzene,  your  em¬ 
ployer  is  required  to  provide  within  thirty 
days  of  the  effective  date  of  this  standard, 
or  within  30  days  following  placement  In  a 
job  involving  benzene  exposure,  medical  sur¬ 
veillance  consisting  of  a  medical  history  and 
laboratory  tests.  The.se  tests  shall  be  pro¬ 
vided  without  cost  to  you. 
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VII.  OBSERVATION  OF  MONITORING 

Your  employer  Is  required  to  perform 
measurements.that  are  representative  of  ybur 
exposure  to  benzene  and  you  are  entitled  to 
observe  the  monitoring  procedtire.  You  or 
your  representative  are  entitled  to  receive 
an  explanation  of  the  measurement  pro¬ 
cedure,  observe  the  step.s  taken  in  the 
measurement  procedure,  and  to  record  the 
results  obtained.  When  the  monitoring  pro¬ 
cedure  Is  taking  place  In  an  area  where 
respirators  or  personal  protective  clothing 
and  equipment  are  required  to  be  worn,  you 
must  also  be  provided  with,  and  must  wear 
the  protective  clothing  and  equipment. 

VIII.  ACCESS  TO  RECORDS 

You  or  your  representative  are  entitled  to 
see  the  records  of  measurements  of  your 
exposure  to  benzene  upon  request  to  your 
employer.  Your  medical  examination  records 
can  be  furnished  to  your  physician  upon 
request  to  your  employer.  A  copy  of  the  phy¬ 
sician’s  written  opinion  following  medical 
surveillance  shall  be  supplied  to  you  by 
your  employer. 

IX.  PRECAUTIONS  FOR  SAFE  USE.  HANDLING  AND 
STORAGE 

Benzene  liquid  is  highly  flammable.  It 
should  be  stored  In  tightly  closed  containers 
in  a  cool,  well  ventilated  area.  Benzene  vapor 
may  form  explosive  mixtures  in  air.  All 
sources  of  ignition  must  be  controlled.  You 
should  use  non-sparking  tools  when  opening 
or  closing  benzene  containers.  You  must 
ground  or  bond  metal  benzene  containers. 
Fire  extinguishers,  where  provided,  must  be 
readily  available  and  you  should  know  where 
they  are  located  and  how  to  cperiite  them. 
Smoking  is  prohibited  In  areas  where  ben¬ 
zene  is  u.sed  or  stored.  Ask  your  supervisor 
where  benzene  is  used  in  your  work  area  and 
for  additional  plant  safety  rules. 

Appendix  B — Substance  Technical  Guide¬ 
lines  Benzene 

I.  PHYSICAL  AND  CHEMICAL  DATA 

A.  Substance  Identification.  1.  Synonyms: 
Benzol,  benzole,  coal  naptha,  cyclohexatriene, 
phen,  phenyl  hydride,  pyrobenzol.  (Benzin. 
petroleum  benzin,  and  benzine,  do  not  con¬ 
tain  benzene). 

2.  Formula:  C, H,.  (CAS  Registrv  Number: 
000071432). 

B.  Physical  Data.  1.  Bolling  Point  (760  mm 
Hg) :  80.1  C  (176FI. 

2.  Specific  Gravity  (W'ater  =  l):  0.879. 

3.  Vapor  Density  (air,— 1):  2.7. 

4.  Melting  Point;  5.5  C  (42F). 

5.  Vapor  Pressure  at  20  C  (68F) :  75  mm 
Hg. 

6.  Solubility  in  Water:  .06'; . 

7.  Evaporation  Rate  (ether=li:  2.8. 

8.  Appearance  and  Odor:  Clear,  colorless 
liquid  with  a  distinctive  sweet  ordor. 

II.  FIRE.  EXPLOSION  AND  REACTIVITY  HAZARD  DATA 

A.  Fire.  1..  Plash  Point  (clo-sed  cup) :  — 11  C 
(12Pi.  • 

2.  Autoignition  Temperature;  580  C 
(1076P). 

3.  Flammable  Limits  in  Air.  Vf  by  Volume; 
Lower:  l.S'^r.  Upper;  J. 1*7. 

4.  Extinguishing  Media:  Carbon  dioxide, 

dry  chemical,  or  foam.  ~ 

5.  Special  Fire-Fighting  Procedures:  Do  not 
use  solid  stream  of  water,  since  stream  will 
scatter  and  spread  fire.  Water  spray  can  be 
used  to  keep  fire  exposed  containers  cool. 

6.  UniLsual  fire  and  explosion  hazards: 
Benzene  is  a  flammable  llould.  Its  vanors 
can  form  explosive  mixtures.  All  ignition 
sources  must  be  controlled  when  benzene  is 
used,  handled,  or  stored.  Where  liquid  or 
vapor  may  be  released,  such  areas  shall  be 
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considered  as  hazardous  locations.  Benzene 
vapors  are  heavier  than  air;  thus  the  vapors 
may  travel  along  the  ground  and  be  ignited 
by  open  flames  or  sparks  at  locations  remote 
from  the  site  at  which  benzene  is  handled. 

7.  Benzene  is  classified  as  a  1  B  flammable 
liquid  for  the  purpose  of  conforming  to  the 
requirements  of  29  CFR  1910.106.  A  concen¬ 
tration  exceeding  3250  ppm  is  considered  a 
potential  fire  cr  explosion  hazard.  Locations 
where  benzene  may  be  present  in  quantities 
sufficient  to  produce  explosive  or  ignitable 
mixtures  are  considered  Class  1  Group  D  for 
the  purposes  of  conforming  to  the  require¬ 
ment  of  29  CFR  1910.309. 

B  Reactivity.  1.  Conditions  contributing  to 
instability:  Heat. 

2.  Incompatibility:  Heat  and  oxidizing  ma¬ 
terials 

3.  Hazardous  decomposition  products: 
Toxic  gases  and  vapers  (such  as  carbon 
monoxide) . 

III.  Sni.L  AND  LEAK  PROCEDURES 

A.  Steps  to  be  taken  if  the  material  is  re¬ 
leased  or  spilled.  Large  amounts  of  water 
should  be  used  to  flush  the  spills.  Do  not 
flush  benzene  into  a  confined  space,  such  a~ 
a  sewer,  because  of  explosion  danger.  Remove 
all  ignition  sources  Ventilate  enclcsed  places. 

B.  Wfl-ifc  Disposal  Method.  Disposal  meth¬ 
ods  must  conform  to  other  jurisdictional 
regulations.  If  allowed,  benzene  may  be  dis¬ 
posed  of:  (a)  by  abscrblng  it  in  dry  sand  or 
earth  and  disposing  in  a  sanitary  land  fill; 
(b)  if  small  quantities,  by  removing  it  to  a 
safe  location  from  buildings  or  other  combus¬ 
tible  sources,  pouring  it  in  dr\-  sand  or  earth 
and  cautiously  igniting  it;  (c)  if  large  quan¬ 
tities.  by  atcmlzlng  it  in  a  suitable  com¬ 
bustion  chamber. 

IV.  MONITORING  AND  MEASUREMENT 
PROCEDURES 

A.  Normal  Monitoring  Program;  Measure¬ 
ments  taken  for  the  purpose  of  determining 
employee  exposure  are  best  t.aken  so  that  the 
representative  average  8-hour  exposure  may 
lie  determined  from  a  single  8-hour  sample 
cr  two  (2)  4-hour  samples.  Short-time  inter¬ 
val  samples  (or  grab  samples)  may  also  be 
used  to  determine  average  exposure  level  if 
a  minimum  of  five  (5)  me.asurements  are 
taken  in  a  random  manner  over  the  8-hour 
work  shift.  Random  sampling  means  that  any 
portion  of  the  work  shift  has  the  same 
chance  of  being  sampled  a.s  any  other.  The 
arithmetic  average  of  all  such  random  sam¬ 
ples  taken  on 'one  (1)  work  shift  is  an  esti¬ 
mate  of  ti^e  emnlnvee’s  avpr'>"e  level  of 
exposure  for  that  work  shift.  NIOSH  recom¬ 
mends  that  samples  be  collected  at  a  samp¬ 
ling  rate  of  one  liter  per  minute  for  a 
minimum  of  two  hours.  Air  samples  should 
be  taken  in  the  employee's  breathing  zone 
( air  that  would  nearly  represent  that  inlialed 
by  the  employee).  Sampling  and  analysis 
should  be  performed  by  gas  absorption  tubes 
with  subsequent  chemical  analysis,  by  gas 
chromatography  of  those  areas  most  likfly  to 
represent  the  highest  airborne  concentration 
of  benzene  where  employees  are  exposed. 
Methods  meeting  the  prescribed  accuracy  and 
precision  requirements  are  available  in  the 
-NIOSH  Manual  of  Analytical  Methods." 

V.  MISCELLANEOUS  PRECAUTIONS 

A.  High  Exposures  to  benzene  can  occur 
when  trsmsferring  the  liquid  from  one  con¬ 
tainer  to  another.  Such  operations  should  be 
well  ventilated  and  good  work  practices 
should  be  established  to  avoid  spills. 

B.  Non-sparking  tools  should  be  used  to 
open  benzene  containers  which  should  be  ef¬ 
fectively  grounded  and  bonded  prior  to  open¬ 
ing  and  pourings 
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C  Employers  should  advise  employees  of 
all  plant  areas  and  operations  where  exposure 
to  benzene  could  occur.  A  few  of  the  conunon 
operations  in  which  high  exposures  to  ben¬ 
zene  may  be  encountered  are:  manufacture 
of  styrene,  phenol,  cyclohexane,  pesticides, 
and  detergents. 

.\ppENDix  C. — Medical  Surveillance 

Guidelines  For  Benzene 

I.  ROUTES  OF  ENTRY 

Inhalation:  skin  absorption,  ingestion. 

II  TOXICOLOGY 

Benzene  is  primarily  an  Inhalation  hazard. 
Systemic  absorption  causes  depression  of  the 
hematopoietic  system.  Inhalation  of  high 
concentrations  can  effect  the  central  nervous 
system  function.  Aspiration  of  small  amounts 
of  liquid  benzene  immediately  causes  pulmo¬ 
nary  edema  and  hemorrhage  of  pulmonary 
tissue.  Skin  absorption  through  intact  skin 
is  possible.  Absorption  may  be  accelerated 
in  the  case  of  Injured  skin,  and  benzene 
may  be  more  readily  absorbed  if  it  is  present 
in  a  mixture  or  as  a  contaminate  in  solvents 
which  are  readily  absorbed.  Defatting  action 
of  benzene  may  produce  irritation  upon  re¬ 
peated  or  prolonged  contact  with  the  skin. 
High  concentrations  are  Irritating  to  the 
mucuous  membranes  of  the  eyes.  nose,  and 
respiratory  tract. 

HI.  signs  and  symptoms 

Benzene  is  poorly  absorbed  tiirough  the 
skin;  however,  direct  contact  may  cau.se 
erythema  or  blistering.  Repeated  or  pro¬ 
longed  contact  may  result  in  drying,  scaling, 
dermatitis,  or  precipitate  development  of 
secondary  skin  Infections.  Effects  of  ben-- 
zene  vapor  or  liquid  on  the  eye  are  slight. 
Only  at  very  high  concentrations  is  there 
any  smarting  sensation  in  the  eye.  Droplet 
contamination  of  the  eye  by  benzene  causes 
a  moderate  burning  sensation,  but  only  a 
slight  transient  injury  of  the  epithelial  cell, 
with  the  eye  recovering  rapidly.  Inhalation 
of  high  concentrations  of  benzene  may  have 
an  Initial  stimulatory  effect  on  the  central 
nervous  system  characterized  by  exhilara¬ 
tion,  nervous  excitation,  and/or  giddiness, 
followed  by  a  period  of  depression,  drowsi¬ 
ness,  fatigue,  or  vertigo.  There  may  be  a 
.sensation  of  tightness  in  the  chest  accom¬ 
panied  by  breathle.ssness  and  ultimately  the 
victim  may  lose  consciousness.  Convulsions 
and  tremors  occur  frequently,  and  death 
may  follow  from  respiratory  paralysis  or  cir¬ 
culatory  collapse  in  a  few  minutes  to  several 
hours  following  severe  exposures.  The  insid¬ 
ious  and  often  Irreversible  effect  on  the 
blood-forming  .system  of  prolonged  exposure 
to  small  quantities  of  benzene  vapor  is  of 
extreme  Importance.  These  effects  have  been 
noted  to  occur  at  concentrations  of  benzene 
which  may  not  ctfuse  irritation  of  mucous 
membranes  or  any  unpleasant  sensory  ef¬ 
fects.  Early  signs  and  symptoms  of  benzene 
morbidity  are  varied  and  vague,  and  not 
specific  for  benzene  exposure.  Subjective 
complaints  of  headache,  dizziness,  and  loss 
of  appetite  may  precede  or  follow  clinical 
symptomology.  Bleeding  from  the  nose, 
gums,  or  mucous  membranes  and  the  devel- 
optiyent  of  purpuric  spots  may  occur  as  the 
condition  progre.sses.  Rapid  pulse  and  low 
blood  pressure  in  addition  to  a  physical  ap- 
oearance  of  anemia  may  accompany  a  sub¬ 
jective  complaint  of  shortness  of  breath. 
Cllncial  evidence  of  leucopenia  and  anemia 
are  the  most  common  abnormalities  reported, 
however,  macrocytosls  and  thrombocytopenia 
are  also  frequently  present.  Bone  marrow 
may  appear  normal,  aplastic,  hypoplastic  or 
hv-perplastic  and  may  not  in  all  situations 
correlate  with  peripheral  blood  findings  in- 
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dicating  hypo-hvper-activity  of  blood  form¬ 
ing  tissue'  Tlicre  are  great  variations  in  the 
susceptibility  to  benzene  morbidity  which 
prohibits  the  identification  of  "typical”  blood 
pictures  The  effects  of  prolonged  benzene 
exposure  may  appear  after  several  weeks  or 
years  after  the  actual  exposure  has  ceased, 
bevelopinent  of  lejukemia  also  may  result 
from  exposure  to  benzene. 

IV.  TREATMENT 

Remove  Irom  exposure  Immediately,  give 
oxygen  or  ;;i  tificial  resuscitation  if  indicated. 
Flvush  eyes  and  wash  contaminated  skin. 
Symptoni.s  of  n.on-speciflc  nervous  disturb¬ 
ances  may  persist  following  severe  expo.sures. 

V.  surveillance  and  preventive 

CONSIDERATIONS 

A.  Other  c  oasideratlons :  Benzene  can 
cause  both  acute  and  chronic  effects.  It  Is 
important  that  the  phy.siclan  become  fa¬ 
miliar  with  how  exposure  to  benzene  occurs. 
Tho.se  vvitii  skin  disea.se  may  not  tolerate  the 
wearing  ol  iJiotective  clothing  and  tho.se  with 
chronic  respiratory  disease  may  not  tolerate 
the  wearing  of  negative  pre.ssure  respirator.s. 

B.  Surveillance  and  Screening;  Medical 
histories  and  laboratory  examinations  are  re- 


FEDERAL 


qulred  for  each  employee  subject  to  exposure 
to  benzene.  The  employer  must  screen  em¬ 
ployees  for  history  of  certain  medical  condi¬ 
tions  (listed  below')  which  might  place  the 
employee  at  increased  risk  frotr  exposure. 

1.  Liver  disease;  The  primary  site  of  bio- 
transformation  and  detoxification  of  benzene 
is  the  liver.  Liver  dysfunctions  likely  to  in¬ 
hibit  the  conjugation  reactions  will  tend  to 
promote  the  toxic  actions  of  benzene.  These 
precautioiLs  should  be  considered  before  ex¬ 
posing  persons  with  impaired  liver  function 
to  benzene  vapors. 

2.  Renal  disease;  Although  benzene  is  not 
known  as  a  kidney  toxin,  the  importance  of 
the  kidney  in  the  elimination  of  toxic  sub¬ 
stances  and  metabolites  justifies  special  con¬ 
sideration  in  those  with  possible  Impairment 
of  renal  function. 

3.  Skin  disease;  Benzene  is  a  defatting 
agent  and  can  cause  dermatitis  on  prolonged 
exposure.  Persons  with  preexisting  skin  dis¬ 
orders  may  be  more  susceptible  to  the  effects 
of  benzene. 

4.  Blood  dy.scrasias;  Benzene  is  a  hema- 
tupoletlo  depressant.  Persons  with  existing 
blood  disorders  may  be  more  susceptible  to 
the  effects  of  benzene. 
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Appendix  D 

Editorial  Note. — This  appendix  consists 
of  a  rcpublicatlon  of  the  amendments  to  29 
CFR  Part  1910  that  appeared  at  pages  22516- 
22529  in  the  Federal  Register  of  May  3, 
1977. 
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Titl«29— Ubor 

CHAPm  XVII— OCCUPATIONAL  SAFETY 
AND  HEALTH  ADMINISTRATION.  DE¬ 
PARTMENT  OF  LABOR 
PART  1910— OCCUPATIONAL  SAFETY 
AND  HEALTH  STANDARDS 
Enicrgancy  Temporary  Standard  for  Occu¬ 
pational  Exposure  to  Benzene;  Notice 
of  Hearing 

AGENCY:  Occupational  Safety  and 
Health  Administration,  Labor.  . 

ACTION: Emergency  Temporary  Stand¬ 
ard:  Notice  of  Hearing.  _ 

SUMMARY:  This  emergency  temporary 
standard  (ETS)  is  based  on  the  determl- 
natl(Hi  that  clinical  and  epidemiological 
data  conclusively  establish  that  em- 
idoyee  exposure  to  benzene  presents  a 
leukemia  hazard.  Therefore,  a  grave 
danger  currently  exists  for  workers  ex¬ 
posed  to  this  cancer  hazard  and  it  Is 
necessary  to  issue  an  emergency  tempo¬ 
rary  standard  to  protect  them.  By  this 
ETS  the  Occupational  Safety  and  Health 
Administration  (OSHA)  limits  employee 
exposure  to  benzene  to  1  part  benzene  per 
mllUon  peirts  of  air  (1  ppm) ,  as  an  8  hour 
time-weighted  average  concentration, 
with  a  celling  level  of  5  ppm  for  any  15 
minute  period  during  the  8  hour  day.  In 
addition,  the  ETS  requires  the  measure¬ 
ment  of  employee  exposure,  engineering 
controls,  personal  protective  equipment 
and  clothing,  employee  training,  medical 
surveillance,  work  practices,  and  record¬ 
keeping.  The  ETS  will  be  superseded  by  a 
permanent  standard  within  six  months. 
A  public  hearing  on  the  permanent 
standard  will  commence  July  12,  1977. 

EFFECTIVE  DATE:  May  21, 1977. 

FOR  FURTHER  INFQRMATION  CON¬ 
TACT: 

Mr.  James  Foster,  Office  of  Public  AI- 
falrs,  OSHA,  Third  Street  and  Con¬ 
stitution  Avenue,  N.W„  Room  N-3641, 
Washington,  D.C.  20210  (202-523- 

8151).  , 

SUPFOiEMENTARY  INFORMATION: 
Applicabilitt  op  Emekgenct  Temporait 
Standard  '' 

The  accompanying  document  Is  an 
emergency  temporary  standard  Issued 
pursuant  to  sections  6(e)  and  81c) 
of  the  Occux>atlonal  SaleW  and  Health 
Act  of  1970  (the  Act)  (84  Stat.  1598, 
1599;  29  UB.C.  655,  657),  the  Secretary 
of  Labors  Order  Mo.  8-76  Id  Fit  25069) 
and  29  CFR  Pori  181L  The  new  stand¬ 
ard,  section  1910.1028,  applies  to  all  em¬ 
ployments  In  all  Industries  covered  by  the 
Act.  including  ‘^general  Industry”,  con¬ 
struction  and  maritime.  Fbr  reasons  set 
out  below,  flfii  standard  dees  not  apidir 
to  retail  automotive  service  stations  or  to 
operations  which  use  liquid  znlxtnras 
containing  1. percent  or  less  of  benzene; 
however,  these  exempted  operations 
are  still  subject  to  the  requirements  con¬ 
tained  in  the  benzene  standard  at  29 
CFR  1910.1000. 

In  addition,  pursuant  to  section  4(b) 
the  Act.  OSHA  has  determined 
th4t  this  emergency  temporazy  standard 
li  more  effective  than  c<»Tespondlng 


Standards  now  applicable  to  the  mari¬ 
time  and  cmutruetlon  Industries  and 
currently  contained  In  Subpart  B  of  Part 
1010,  and  Parts  1915. 1918, 1917. 1918  and 
1926  of  Title  29,  Code  of  Federal  Regula- 
Uau.  Therefore,  those  corresponding 
standards  are  superseded  by  the  new 
standard  In  1  1910.1028. 

Pursuant  to  section  6(c)  (3)  of  the  Act, 
OSHA  will  shortly  commence  a  rulemak¬ 
ing  proceeding  under  section  6(b)  of  the 
Act.  The  emergoicy  temporary  standsutl 
will  serve  as  a  proposed  final  rule,  along 
with  other  proposed  reqiilrements  which 
will  be  published  In  the  Federal  REcaTXR 
pursuant  to  29  CFR  1911.12.  OSHA  will 
publish  an  additional  proposal  in  the 
very  near  future,  encompassing  those 
areas  of  occupational  safety  and  health 
considered  appropriate  for  the  agency’s 
permanent  regulatimi  of  benzene.  This 
document  sets  a  public  hearing  on  the 
permanoit  benzene  standard  to  begin 
July  12.  1977. 

The  development  of  a  permanent 
standard  will  be  conducted  pursuant  to 
the  rulemaking  procedures  of  section 
6(d)  of  the  Act.  The  Assistant  Secre¬ 
tary's  decisions  on  the  provlslcms  of  the 
final  standard  will  be  ba^  on  the  entire 
record  developed.  Including  public  com¬ 
ments  and  the  Informal  rulemaking 
hearing. 

EVENTS  LEADING  TO  THE  EMERGENCY 
TEMPORARY  STANDARD 

Benzene  has  long  been  recognized  as 
a  toxin  affecting  the  hematopoietic 
(blood  forming)  system,  and  a  cause  and 
effect  relationship  between  benzene  ex¬ 
posure  and  observed  blood  abnormaUtles 
has  been  established  for  man  and  ani¬ 
mals  during  the  last  75  years.  The  evi¬ 
dence  Indicating  a  relatlon^ip  between 
benzene  exposuze  and  leukemia  has  been 
expending  and  the  intematloilld  scien¬ 
tific  community  has  increasingly  ac¬ 
knowledged  that  worker  exposure  to 
benzene  Is  associated  with  an  Increased 
risk  of  leukemia.  Data  made  available  by 
the  National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  in  the  last 
few  weeks  on  workers  exposed  to  benzene 
provide  conclusive  evidence  that  benzene 
is  a  leukemia  causing  agent  and  there¬ 
fore  Immediate  action  to  protect  workere 
Is  imperative.  (7) 

The  preexit  OSHA  standard  for  ben¬ 
zene.  teond  In  29  CFR  1910.1000,  Table 
Z-2.  was  adopted  In  1971  under  the  au- 
IhOElty  Iff  aeottea  ANd  of  the  Act  from 
the'  Amerloan  NhtloxuO  Standards  In¬ 
stitute’s  (ANSI)  Z  37.4-1969  standard. 
That  OSHA  standard  prescribes  an  8- 
hour  time-weighted  average  ot  10  ppm 
with  an  acceptable  nelllng  concentration 
x>t  25  ppm.  ha  afldltlon,  the  present 
standard  dlows  excursions  above  the 
ceiling  to  a  maximum  i>eak  concentra¬ 
tion  not  to  exceed  50  ppm;  Provided. 
That  such  exposure  occurs  for  no  more 
than  10  minutes  In  any  8-bour  wchIc 
period.  Neither  the  ANSI  standard  nor 
the  resultant  OSHA  standard  were  based 
on  the  poesQde  leukemia  hazard  frcHn 
exposure  to  benzene. 

In  1974.  Aksoy  et  al.  reported  that, 
when  oontrasted  with  tibe  general  popu- 
laUon.  shoe  workers  having  prior  expo¬ 


sure  to  benzene  had  a  significant  in¬ 
creased  Incidence  of  leukemia. 

Also  In  1974,  pursuant  to  section  22(d) 
of  the  Act.  the  Director  of  moSH  sub¬ 
mitted  to  the  Secretary  of  Labor  a  cri¬ 
teria  docummt  concerning  occupational 
exposure  to  benzene  which  stated  that 
“the  possibility  that  benzene  can  induce 
leukemia  cannot  be  dlsmissed.”(3)  How¬ 
ever,  NIOSH  recommended  retention  of 
the  present  permissible  exposure  limit  of 
10  ppm  and  celling  concentration  of  25 
ppm  as  measured  over  a  10  minute  period 
which  recommendation  was  not  based  on 
benzene’s  potential  leukemia  hazard. 

In  a  letter  to  the  Secretsury  of  Labor, 
dated  April  23,  1976,  the  United  Rubber, 
Cork,  Lhudeum,  and  Plastic  Workers  of 
America  urged  -that  an  emergency  tem¬ 
porary  standard  regulating  occupational 
exposure  to  benzene  be  Issued  (42) .  The 
request  was  denied  on  May  18,  1976  by 
'  then  Secretary  of  Labor  William  J.  Usery 
(43). 

Less  than  1  year  ago,  the  National 
Academy  of  Sciences,  under  contract 
with  the  United  States  Environmental 
Protection  Agwicy,  reviewed  tlie  litera¬ 
ture  concerning  health  effects  of  benzene 
exposure.  (4)  The  Academy  concluded 
that  benzene  must  be  considered  a.s  a 
suspect  leukonogen. 

In  August  1976,  NIOSH  submitted  to 
OSHA  an  updated  criteria  document 
w’hich  revised  Its  earlier  assessment  of 
1974.  (5)  On  the  basis  of  a  review  of  old 
studies  and  new  data,  NIOSH  concluded 
that  benezene  was  leukemogenic.  Tills  re¬ 
port  further  pointed  out  that  “it  Is  ap¬ 
parent  from  the  literature  that  benzene 
leukemia  continues  to  be  reported.” 
NIOSH.  therefore,  recommended  tliat, 
since  no  safe  level  fonbenzene  exposure 
could  be  estabUshed  “no  worker  be  ex¬ 
posed  to  benzene  in  excess  of  1  ppm  In 
air”.  FoUowlis  publlcatlcm  of  the  up¬ 
dated  criteria  document,  the  Director  of 
NIOSH  recommended  to  the  Assistant 
Secretary  of  Labor,  by  letter  dated  Octo¬ 
ber  27,  1976.  that  OSHA  publish  an 
emergencF  temporary  standaitl  for  ben¬ 
zene  establishing  the  exposiure  level  at  1 
Pinn.  (6)  Based  on  Uie  information  sup- 
pUed  by  NIOSH,  OSHA  Issued  on  Janu- 
uary  4.  1977  voluntary  "Guldelhies  for 
Control  of  Occupational  Exposure  to 
Benzene,”  recommending  that  exixMure 
to  benzene  in  air  not  exceed  an  8-hour 
time-weighted  average  of  1  piMn  in  any 
8-hour  ahlft  of  a  40  hour  week.  (44) 

In  January  1977,  NIOSH  Informed 
OSHA  tiaat  workplace  mvlronments  had 
been  foimd  in  SL  Mary’s  and  Akron.  Ohio 
where  a  suflctent  number  of  employees 
bad  been  ewpoMilto  benzene  for  a  niun- 
ber  of  yean  to  TacOltate  an  epidemiologi¬ 
cal  study  ot  health  risks.  (45)  The  work¬ 
site  was  a  FUiffilm  manufacturing  plant 
owned  by  Ooo^ear  Tire  and  Rubber 
Company.  The  preliminary  conclusions  of 
the  epidemiological  study  NIOSH  con¬ 
ducted  of  the  pliofilm  woiicers  were 
tlwnBmtttBil  to  OSHA  on  April  15.  1977. 
CT)  The  1B06H  data  demonstrated  an 
tnetdsnoa  et  leukemia  In  workers  exposed 
kohenama  that  was  at  least  five  times  the 
exuariWl  tnclil— .  NIOSH  concluded 
that: 
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T.  r>-part  sliowa  a  stetlrtloaUr  ■IgnUw^at 
in  a»  rtak  for  dwrInpInK 

;o’.i3  leukemia  among  woricaea  eaposad  to 
■;«-  fie.  We  hope  this  zkew  Information  will 
I.i-  uf  a  .'ilstance  to  you  in  reaching  a  iled- 
I  un  the  most  apiffopriate  regulatory 

’,!on. 

In  iiis  letter  of  April  15,  19T7.  ttans- 
jr.iitji!g  the  report  cm  the  Gloodyear  PUo- 
tiini  the  Director  of  MIOSH  again 

ta-gcd  that  an  emergency  standard  be 

issued. 

F.KASOKS  fob  ISStJANCK  OF  AN*XMERGBNC7 
TEMPORARY  STANDARD 

Hie  Assistant  Secretary  finds  that  ex- 
t>osiire  to  benzene  poses  a  grave  danger  to 
humans.  Specifically,  human  exposure  to 
benzene  can  induce  chromosomal  aberra¬ 
tions.  b'one  marrow  damage  and  destruc¬ 
tion,  and  other  blood  dyscrasias.  More¬ 
over,  tlie  accumulated  studies  strongly 
support  the  conclusloa  that  benzene 
caa<es  leukemia  in  humans.  The  data 
collected  by  NIOSH  and  made  available 
during  the  past  few  we^  show  that 
workers  exposed  to  benzene  in  an  Ohio 
Plioflbn  plant  have  ctmtracied  leukemia 
at  a  rate  at  least  five  times  the  rate  ex¬ 
pected  in  the  general  population.  Because 
of  the  conservative  statistical  approach 
to  evaluating  these  preliminary  data, 
final  results  of  Uiis  stirdy  will  certainly 
show  that  the  increased  risk  of  develop¬ 
ing  leukemia  from  exposure  to  benzene 
is  even  greater  than  five  times  the  nor¬ 
mal  incidence  of  this  disease.  HiU  new 
evidence  has  been  interpreted  by  NIOSH, 
and  is  found  by  OSHA,  to  conclusively 
establLsh  that  benzene  causes  leukemia 
in  humans.  This  conclusion  is  sunwrted 
by  U)e  substantial  body  of  clinical  and 
epidemiological  evidence  previously  vail- 
epidemiologlcal  evidence  previously 
available  which  suggested  the  same  cas¬ 
ual  relationship  between  benzene  ex¬ 
posure  and  leukemia.  In  view  of  the  new 
evidence  the  relationship  can  no  long^ 
be  subject  to  serious  question. 

The  Assistant  Secretary  concludes, 
based  on  a  review  of  the  latest  NIOSH 
study  and  recommendations  together 
with  the  epidemiological  and  clinical 
studies  and  other  sdentlflc  data,  that 
benzene  exposure  subjects  workov  to  the 
risk  of  contracting  leukemia,  a  malig¬ 
nant  and  irreversible  disease.  The  best 
available  scientific  evidaice  indicates 
that  no  safe  levd  for  exposure  to  a  car¬ 
cinogen,  Including  benaene,  can  be  es¬ 
tablished  or  assumed  to  exist.  OSHA  has 
emsidered  this  questfam  of  a  safe  Iqyel 
in  previous  rulemakhig  proceedings  (see 
preambles  to  carcinogea  standards  (S9 
FR  3758),  vinyl  chloride  standard  (39  FR 
35892) .  and  coke  oven  emissions  staad- 
aud  (41  fTt  48742))  and  has  relied  on 
that  consldersiale  body  of  scientific  (pin¬ 
ion  holding  that,  when  dealing  with  a 
carcinogen,  no  safe  levd  exists  for  any 
given  population  For  example,  the  Na- ' 
tlonal  (dancer  IhsUtute’li  Ad  Hoe  Com¬ 
mittee  on  the  KvaluaUoa  of  Low  levels 
of  Environaaental  Chemical  CarchMgens 
(1978)  states: 

No  level  of  sspesuie  to  a  ehsmlcal  eareln- 
ogen  shouM  be  eoasMwed  bosMtoglosIly  ta- 
atenifloaat  for  men.  Far  eerateegsale  agents, 


a  Infb  level  for  amar  cannot  be  eetsbMihed 
by  eppUeatloa  of  oer  pneent  knowledge. 
(Md.  18701  p.  1) 

And  NIOSH  has  taken  the  poeltton 
that  In  regulatlDg  cancer-causing  sid>- 
staoces  *****  it  is  not  possible  at  pres¬ 
ent  to  determine  a  safe  exposure  level 
for  carctoogens."  (Rev,  Arsenic  Crtt. 
Doc.  1975.) 

Since  leukemia  Is  a  form  of  cancer  and 
exposures  generally  bdow  25  ppm  have 
already  Induced  Inikemia,  it  is  not  cur¬ 
rently  possible  to  determine  whether  a 
safe  level  oi  exposure  exists  for  worker 
populations  exposed  to  benzene.  There¬ 
fore,  the  Assistant  Secretary  has  deter¬ 
mined  that  exposure  must  be  reduced  to 
the  lowest  feasible  level. 

Furthermore,  duitog  the  period  of 
time  for  hormal  rfilemaking.  workers 
would  continue  to  be  exposed  to  levels 
higher  than  those  that  may^be  achieved 
by  this  ET8. 

In  conclusion,  the  Assistant  Secretary 
determines  that  exposure  of  emidoyees 
to  a  cancer-causing  substance  in  the 
workplace  enviitmment  is  a  “grave  dan¬ 
ger”  within  the  meaning  ot  section  6(c) 
(1)(A)  of  the  Act.  The  proposition  that 
cancer,  and  substances  that  cause  can¬ 
cer,  pose  a  grave  danger  to  man  does  not 
need  lengthy  discussian.  The  nature  of 
a  cancer  hazard  differs  from  other  types 
of  toxicity.  Employees  exposed  to  carcin¬ 
ogens  risk  incurable,  irreversible  ahd,  in 
most  cases,  fatal  consequences.  These 
consequences  may  be  Irreversibly  set  in 
time.  No  symptomatic  evidence  (ff  the 
develcgiment  of  the  cancer  may  be  ap- 
Piurat  to  the  employee  during  a  long 
latency  period.  A  single  exposiure  episode 
may  be  sufflcloit  to  cause  cancer.  These 
factors,  which  establish  the  grave  danger 
posed  by  exposure  to  carcinogens,  also 
lead  inexorably  to  the  conclusion  that  It 
ig  necessary  to  provide  Immediate  pro- 
tecUon  for  employees  through  the  issu¬ 
ance  (ff  an  emergency  temporary  stand¬ 
ard.  within  the  meaning  of  seetton  8(c) 
(1).(B)  of  the  Act. 

The  existing  10  ppm  standard.  ad(HHed 
from  the  ANSI  national  consensus 
standard,  was  based  largely  on  benzene's 
general  toxicity  rather  than  on  the  leu¬ 
kemia  hazard  and.  therefore,  does  not. 
within  the  meaning  of  seetton  8(b)(8) 
of  the  Act,  provide  the  protoettmx  now 
shown  to  be  necessary.  The  Asslstent 
Secretary  finds  that  this  emergency  tem¬ 
porary  standard  better  dfectnatos  the 
purposes  of  the  Act  them  the  Nattooal 
consoisus  standard. 

BACKGROUND  AND  DISCUSSION  OF  ZARUBR 
DATA 

Benzene  (C8H8)  is  a  clear,  oidorless. 
non-corrostve.  highly  flammable  liquid 
Bdth  a  strong,  rather  pleasant  odor.  Boi- 
-sene’s  low  boiling  potait  and  high  vapor 
Pfessuie  cause  it  to  evaporate  rapidly 
under  ordinary  atmosidierlc  condlttons, 
giving  off  vapors  nearly  three  times 
heavier  than  air. 

Benaene  Is  produced  prlmarfly  hg  the 
petrochemical  and  petrcleamieflpingto- 
dusUlss  by  the  process  calM  catalytic 
rsfonnatton,  wfaldi  copserte  certain 
lower  octane  hydrocarbooe  Inte  higher 


octane  aromatics.  The  two  ludostrleB  are 
responsible  for  94  percent  of  the  total 
HJBL  productloa  ot  benzene.  Recovery 
through  catalytic  refcHmatlm.  Including 
the  benzene  formed  from  ttie  bydrodeal- 
kylatlon  of  toluene,  accounts  for  abnost 
80  percent  of  the  total  quantity  produced. 
Recovery  of  coal-derived  benzene,  pri¬ 
marily  as  a  by-product  of  the  ciddng 
process  in  steel  mills,  was  once  the  major 
source  of  benzene.  Today,  however.  It 
accounts  for  imly  6  percent  of  the  total 
tJS.  production. 

The  production  (ff  benzene  is  nqiidly 
expanding  with  approximately  11  billion 
pounds  produced  in  1976.  Only  eleven 
other  chemicals  and  only  one  other  hy¬ 
drocarbon  (ethylene)  are  produced  in 
greater  tonnage  in  the  UB.  Approxi¬ 
mately  86  perorot  of  this  boizene  is  used 
chleflly  as  an  intermediate  in  the  produc¬ 
tion  of  other  organic  chemicals,  includ¬ 
ing  styrene,  phenol,  and  cyclohexane. 
The  remaining  amount  la  used  primarily 
in  the  manufacture  of  detergents,  pesti¬ 
cides,  solvents  and  paint  removers.  Ben¬ 
zene  is  also  presoit  as  a  component  of 
motor  fuels,  averaging  less  than  2  per¬ 
cent  in  gasoline. 

The  first  major  Industrial  use  of  ben¬ 
zene,  however,  was  as  a  solvent  in  the 
rubber  Industiy  Just  preceding  World 
War  I.  During  WiNld  War  I.  benzene 
production  was  stimulated  greatly  by  the 
demand  for  and  resulting  produetkm  of 
toluene  in  the  manufacture  of  exploslvet. 
The  large  quantities  of  benaene  which 
were  produceif  resulted  in  its  mine  wide¬ 
spread  use  as  a  starting  ^olnt  for  the 
manufacture  of  various  organic  com¬ 
pounds.  This  situation  led  to  greatly  in¬ 
creased  uses  of  benaoie  as  a  solveipt  in 
the  artificial  leather,  rubber  goods,  and 
rotograviue  industries,  and  as  a  start¬ 
ing  material  in  organic  synthesis. 

Industries  and  processes  currently 
using  benzene  Include  the  chemical, 
printing,  lithograph,  rubber  cements, 
rubber  fabilcaUng.  paint,  varnish,  stain 
removers,  adhesives,  and  petroleum  in¬ 
dustries.  Benzene  is  also  used  extensively 
in  chemical  laboratories  as  a  solvit  and 
as  a  reactant  in  numerous  chemical  sp- 
pUcattona.  Where  benzene  is  produced 
and  used'in  large  amounts,  it  is  generally 
used  in  enclosed  systems,  although  ex¬ 
posures  can  occur  during  liquid  transfer 
operations,  from  equipment  leakage  and 
carryover  losses,  and  in  maintenance  op¬ 
erations. 

A.  Toxic  effects.  Benaene  has  been  rec- 
ogniaed  as  a  toxic  substance  capable  of 
causing  acute  or  chronic  effects  since 
1900.  Tn halation  is  the  primary  route  of 
entry  of  benzene  in  the  worker.  Benaene 
diirusee  rapidly  through  the  lungs  and  is 
quickly  absorbed  Into  the  blood.  The  rate 
of  absorption  Is  greatest  during  the  fliat 
five  minutes  and  thereafter  declines  sig¬ 
nificantly.  Benaene  saturatfaMi  of  the  cir¬ 
culating  bkxxl  may  reach  as  high  as  70- 
80  percent  of  the  air  content  of  benaene 
within  the  first  SO  mlnutea.  Belattvely 
complete  saturation  of  the  blood  may  not 
be  attained  for  two  to  three  days. 

Though  the  available  lltoreture  sug¬ 
gests  that  beoaeae  Is  not  readily  absorbed 
through  the  human  skin,  agprsclahie 
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quitnUUcs  of  bensene  could  be  absorbed 
In  ttM  eaM  of  Injured  eUn.  Iforeoverj 
•beocpdon  of  bonene  bjr  the  Ain  may  be 
rtynlAonUy  aeeelenUed  whmi  twm— »»^»  ^ 
nraMot  In  e  mixture  or  m  s  contaminant 
In  aohrenta  knoem  to  be  readily  abeorbed. 
■ueh  aa  toluene  and  xylene.  <4«) 
llie  benaene  abeorbed  by  the  elrcu- 
latlnc  blood  ti  dletrflMited  throuihoat  the 
body  where,  beeaoae  ci  Ita  UpoaolubUlty, 
It  tends  to  accumulate  In  yarlous  body 
organs  In  propmOan  to  their  fat  oimtent 
UkKm  removal  from  benaene  exposure, 
the  concentration  of  benaene  In  the  ex¬ 
pired  breath  follows  an  exponential  de-  < 
cay  curve,  rellsctlnc  removal  of  benaene 
from  various  body  compartments.  Elimi¬ 
nation  via  this  route  has  been  estimated 
to  range  from  13  to  50  percent  of  the  total 
amomit  of  benaene  absorbed  In  humans. 

A  fraction  of  the  absorbed  benaene  Is 
eliminated  In  an  unchanged  form,  pri¬ 
marily  In  t^  expired  air  and,  to  a  mlnl- 
nral  extent,'  In  the  urine.  remaiivler 
of  the  absorbed  bensene  Is  metabcdlaed  by 
enaymes  cmtalned  In  the  liver  and  ulti¬ 
mately  to  derivatives  which  are  mme  wa¬ 
ter  soluble  thereby  facilitating  their 
removal  by  the  kidneys.  A  first  Interme¬ 
diate  In  the  biotransformation  of  ben- 
aene  Is  b^eved  to  be  benaene  epoxide,  a 
highly  reactive  IntermedlAe  and  one  of 
several  candldatee  suggested  as  the.ac- 
tlve  agent  responsible  for  bmaene’s  mye- 
lotoadc  effects.  Phenol,  and  to  a  lesser 
extent,  hydroqulnone,  pyrcatechol.  and 
phenirl-meroapturlc  acid  are  the  primary 
metabolites  d  benaene  found  In  urine. 

B.  Acute  effects.  Exposures  to  high. 
concentrations  of  benaene  iwoduee  an  al- 
most  Immediate. effect  upon  the  central 
nervous  ayst«n.  Benaene  concentrations 
of  about  30,000  ’  ppm  are  fatal  within 
mlnhtes.  with  death  occurring  from 
acute  clrculatcwy  f  aflure  or  coma,  with  or 
without  convTiUons.  Milder  exposures 
produce  a  period  of  nervous  exeltsAlon. 
eUjSiorla.  headache  and  nausea.  foUowed 
by  a  period  of  dq>resslon  which  can  re¬ 
sult  In  csudlovascular  collapse  and/or  un- 
consdousneas.  Hm  occurrence  of  non- 
roecUU:  nervous  -dlstuibance  as  an  af  ter- 
effeet'of  acute  exposures  Is  dependent  on 
duration  of  unconsclousneav  and/or 
severity  of  circulatory  failure.  Breath- 
Irninfimn.  nervous  InitablUty,  and  un- 
steadlness  In  walking  have  been  observed 
to  persist  for  a  period  of  several  weeks. 
Inhalation  of  still  lower  concentrations 
(350-500  ppm)  yields  signs  and  symp¬ 
toms  of  "VM  poisoning,  characterised  by 
vertigo,  droweinsss,  headache,  and  nau¬ 
sea.  Rapid  recovery  from  these  symptoms 
usi|ally  ooeuri  fODowlng .  cessation  ,  of  ■ 
exposure.  ' 

DIrset  oontieck  with  the  liquid  may 
catMS  erythlima  and  tdlsteiing.  Prolonged 
or  repeated  skin  contact,  e^  with  aqMdl 
quantities  of  benaene,  has  bden  associ¬ 
ated  with'  tha  devekdsnent  of  a  dry, 
wcetr  dermailtle  or  with  secondary  In- 
fsctlons, 

-  (J.  Cluvide  effecte.  Benaene:  exerts  a 
prlmesT  toade  effect  tat  tlie  bone  maitbw, 
the  metjor  blood  fonataif  oegan.  Long¬ 
term  sTpsp***  ^  ^  coocsntarattoBs  of 
taemiye^g^  htay  fervid  to  heew  en 


fotmtait  ttosues  (bone  marrow)  followed 
by  apiasle  (no  production)  and  fatty 
CSlnleally  an  tn- 

erease,  then  dscieaae.  In  the  red  blood 
eeDi.  while  blood  oeDs,  or  platelets.  Is 
seen,  with  progression  If  exixwures  are 
continued,  to  aplastle  anemia  (lack  of 
functioning  of  bone  marrow),  leucope- 
nla  (decrease  In  leucocytes  which  are 
white  blood  cdls),  thrombocsrtamenla 
(decrease  In  platelets),  or  pancyta^wnla 
(decrease  tat  all  cells  tat  the  peripheral 
blood) .  Secondary  effects  of  thrombocy¬ 
topenia  Include  coagulation  disturbances, 
charactoised  by  Increased  bleeding  ttane, 
poor  clot  retraction,  and  Increased  sus- 
ceptlldlity  to  hemonitagtatg.  This  clinical 
picture  of  chnmic  benaene  poisoning  may 
exist  with  or  without  the  physical  signs 
or  symptoms  of  fatigue,  vertigo,  head¬ 
ache  or  excessive  bleeding.  ^ 

The  following  studies  are  represenU- 
tlve,  although  Iqr  no  means  all  inclusive, 
of  the  published  literature  on  the  chrcmlc 
effects  tat  humans  ot  bensene  exposure. 
Tliese  studies  do  however  illustrate  the 
dlversltar  and  variability  of  effects  which 
dominate  the  literature  on  chronic  ben¬ 
sene  exixwure. 

1.  Blood  dwscraeiat.  Oreenburg  and 
cowotkers*  Investigation  In  1939  of  333 
pressmen  In  three  rotogravure  printing 
Idants  was  one  of  the  earliest,  compre¬ 
hensive  studies  of  benaene  poisonlng.d) 
In  addition  to  imyslcal  fTaminatl<ais.  In¬ 
cluding  medical  and  occupaticmal  histo¬ 
ries  and  laboratory  tests,  workpliux  air 
samples  and  chemical  analysis  of  ink  sol¬ 
vents  and  thinness  were  p^ormed  in  an 
attempt  to  luovlde  a  correlation  with 
medical  findings.  Air  samples  (45)  re¬ 
vealed  benaene  concentrations  ranging 
from  11  ppm  to  1060  iwm  for  3  idants. 

Five  workers  with  the  most  severe 
bensene  poisoning  expressed  no  subjec¬ 
tive  complaints  and  idiyslcal  examlna- 
tton  revealed  negative  findings.  The  signs 
of  ‘'pdaonlng*’  Included  a  reduction  in 
the  number,  of  erythrocytes,  leucocytes 
add  platelets.  - 

Oreenburg  stated  that:  'These  find- 
mgs  Illustrate  the  wdl-known  fact  that 
me  effects  of  benaene  may  be  persistent 
and  also  suggest  that  even  before  blood 
changes  are  apparent,  processes  may 
have  been  initiated  that  arill  continue  to 
devedop  even  after  exposure  to  bensene 
haa  eOased.''*  Ihe  authors  also  reported 
that  Individuals  varied  greatly  in  sus¬ 
ceptibility  although  data  on  pmonal 
monitorlBV  were  not  available. 

In  the  same  year,  Mallory  et  al.  re¬ 
ported  post-mortem  ,  llndlnga  in  19  case 
studies  of  wmkets  with  a  history  of 
chronic  exposure  to  benaene.  (5)  Bxixy- 
sures  vailed  from  5  months  to  13  years, 
but  no  'exposure  levds  were  avail¬ 
able. 11m  authors  indicated  that  slg- 
nlfieant  ehanges  '  were  ‘  fouxid  regu¬ 
larly  throughout  the  entire  hemato- 
potoClB 'system  takhidtaig  bone  marrow, 
liver,  spleen  add  lymph  nodes.  Of 
the  It  case  studies,  six  exhldted  hy¬ 
poplasia  d  the  boas  marrow  (decreased 
bona  masrow:Anetlon>,  wharaaa  nlna 
easaa  ihowbd  nypetnasla  (oronetMtr 
of  the  boos  marrawi.^etnd  tam  were  di¬ 
agnosed  as  leutemla  The  euthm  con¬ 


cluded  that  exposure  to  benaene  under 
varying  conditions  produced  dlverae  re¬ 
actions  and  that  Indtvldnal  variation 
eras  of  great  tanportance. 

In  1945,  Hardy  and  Elkins  Investigated 
an  arttfielal  leather  plant  In  Msssarhu- 
setts  In  which  a  num  who  had  been  em- 
Idoyed  as  a  coating  machine  operator  for 
13  years  died  of  what  was  diagnosed  as 
benaene  p<deoning.(l0)  The  subject  had 
arocked  as  a  coating  machine  operator  in 
other  locations  for  It  years.  Plfty-two 
workers  were  still  employed  In  the 
leather  plant.  Benaene  concentrations 
ranged  from  40  to  50  ppm  with  an  aver¬ 
age  concentration  of  60  ppm.  Blood  stud¬ 
ies,  performed  upon  all  53  employees, 
showed  abnormahttes  in  more  than  one 
blood  component  tai  sixteen  of  the  em¬ 
ployees.  Abnormalities  srere  observed  In 
hemoglobin.  RBC,  and  WBC  counts. 
There  eras  a  wide  variation  among  sub¬ 
jects  as  to  the  particular  component  af¬ 
fected.  Six  of  the  16  emid^ees  with 
blood  abnormalities  worked  In  the  same 
coating  room  as  the  deceased  man.  De¬ 
spite  this  evldeiMM  of  blood  abnormali¬ 
ties  from  the  laboratory  tests,  none  of 
the  physical  examinations  revealed  any 
clinical  signs  or  symptoms  of  overexpo¬ 
sure  to  benaene. 

'  m  an  epidemiological  investigation. 
Aks(w  et  al  compared  the  hematologleal 
findings  oi  100  healthy  male  subjects 
(controls)  with  those  of  317  apparently 
healthy  males,  95  percent  of  whom 
worked  with  solvmts  containing  ben¬ 
zene  in  small  shoe  shops.  (11)  The  shops 
were  considered  unhygienic  and  poorly 
ventilated.  The  coiuentratlon  of  benaene 
in  the  working  envtoxxunent  ranged  from 

15  to  30  ppm  during  non-working  hours 
to  310  Mxn  when  adhesives  containing 
benaroe  were  being  used.  The  duration 
of  employee  exposures  ranged  from  3 
months  to  17  years,  m  51  (33A  percent) 
of  the  317  employees,  hanatologlcal  ab¬ 
normalities  were  found  consisting  of 
leucopenla  (9.7  percent),  thrombo^rto- 
penla  (1J4  percent),  leucopenla  asso¬ 
ciated  with  thromobocirtopenla  (4.6  per- 
ooit)  and  pancytopenia  (3.7  percent), 
m  addition,  relative  to  controls,  benaene  - 
expoeed  workers  demonstrated  a  signifi¬ 
cant  reduction  in  mean  white  odl  counts 
and  mean  platelet  counts.  The  proper^ 
tlon  of  benaene-expoeed  workers  <ttag- 
noeed  with  anemia  was  increased  sdMn 
compared  to  eontitds;  however  the  pres- 
Mice  of  taon-defidency  anemia  could  not 
be  ruled  out. 

In  Flench  survey  of  45  fatal  cases  of 
benaene  taidueed  (taseasee  of  the  blood, 
covering  the  years  1947  to  1663,  33  were 
rtlsgnneed  as  leukemia  and  33  were  at¬ 
tributed  to  aplastle  anemia.  Of  the  latter 
cases,  one  patient  eras  aflUeted  after  only 
3  ydars  exposure  to  benaene  with  the  Re¬ 
mainder  having  an  average  exposure  of 

16  years.  (13)  The  authors  also  reported* 

that  m  the ‘cases  of  apiaetic  Rm 

evqhitlon  of  the  ilbieae  was  lerMthy.  A 
similar  nhserralkm  was  also  reported  by 
VlgUanl  and Fonl  (1666).  (14)  Of  33 Ca- 
tal  cases  of  bsnamM  potMoliM 

sesni  tai  the  pravtnees  of  MBan  and  Fsela. 
If  were  doa  to  leukamia  and  14  doe  to  sgK 
lastic  anemia.  Thase  aothora  noted  that 
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'iq>l88tic  aaemla  iuiu(li7  'oceura  te  pa- 
>  *tlehtiB  while  fher 

to  high  VDomilnttloDS  'A'heoaeBe.  to  • 
later  staQr. .  V^llhal  ■wpartcd  ttutt 
among  HO  ’surrlvliig  woiten  with  1m9Q- 
cene-r^lhtal  aiUarttlc  anemia.  11  later 
died  from  acute  leukemia.  1^  author 
also  reported  that  he  had  knowledce  df 
at  lea^t  180  cases  dt  leitt:emla  attributed 
to  bomene  In  Italy  alone.  (fO) 

Fancyt<H>enla  has  been  oiuated-wlth 
aplastic  anemia,  although  strteUy  defined 
aplastic  anemia  Is  characterised  by  pan- 
cytopenla  and  accompanied  .by  a  fatty 
displacement  of  the  bone  marrow.  In 
1976,  Vigllanl  and  Foml  stated: 

In  tb«  past  two  docadM,  the  ceee  records 
of  patients  with  scute  or  subacute  leukemia, 
usualy  with  leuln^enla'at  some  state  of  the 
Illness,  have 'become  ao  numerous  that  they 
exceed  those  of  acute  pancytopenia.  This 
finding  led  us  to  Buq>eot  that  many  cases 
that  were  considered  as  acute  pancytopenia 
In  the  past,  prior  to  the  tntraductton  of  bone 
marrow  bto^,  may  in  fact  baxe  been  ez> 
amples  of  acute  bemoaytx>blasUc  leukemia 
'  leucopenlo  and  aleukemic,  or  with  few  ml- 
crohemocytoblasts  In  the  circulating  blood, 
possibly  mistaken  for  lymphocytes.  (15) 

unsuccessful  at  Inducing  chronic  pol- 
soning^  through  inhalation  of  vapors, 
fielllngs  in  1916  produced  leukopenia  hi 
rabbits  through  subcutaneous  bijectlons 
of  commercially  pure  benzol  with  olive 
OIL  (19)  Selling’s  findings  demonstrated 
a  constant,  well  defined  aplasia  of  the 
bone  marrow,  characterized  by  the  com¬ 
plete  dlsappeeuwnoe  of  leukocytes  In  the 
peripheral  blood.  He  noted  that  although 
both  ttie  myeloid  and  lymphoid  tissues 
are  vulnerable,  that  myeloid  tissue  Is  In¬ 
jured  to  a  greater  extent. 

Delchman  et  al  (1963)  published  re¬ 
sults  oi  animal  studies  which  also  in¬ 
dicated  the  great  tozlelty  benzene  va¬ 
pors  fpr  hematiHiolettc  tissue.  (16)  Eight 
groups  at  rUts.  consisting  of  4d  animnin 
per  group,  were  exposed  to  benzene  va¬ 
pors  at  average  conoentratlcms  of  831, 
65,  61,  47,  44,  31,  39,  and  15  imm  respec¬ 
tively.  The  duratim  of  exposure  was  for 
8  hours  per  day.  4  days  per  wedc.  for 
periods  ranging  from  8  wedu  to  7 
months.  Ebcposures  to  the  ttuiee  highest 
concentraticms  resiilted  in  a  significant 
leukcmenla  after  14  wedn.  A  moderate, 
but  definite,  leiikopenla  occurred  In  the 
rats  exposed  to  47  and  44  ppm  after  8 
to  8  weeks  of  exposure.  Exiiosures  to 
three  lowest  benzene  concentrations  for 
periods  of  4.  3,  and  7  months,  respec- 
tlvdy.  Induced  no  demonstrable  changes 
in  the  numbers  of  leucoytes. 

3.  Chromotomal  aberraHons.  The  de- 
vdopment  of  various  chromosomal  aber¬ 
rations  In  peripheral  leukocytes  and  bone 
marrow  has  also  been  attributed  to 
benzene  exposures.  Several  Investlga- 
tom  characterized  these  aberrations  as 
both  unstable  chromosome  etumges  (Le. 
Including  fragments,  dloentrlc.  trteentrle 
and  ling  chrmnosfHnes)  or  stable  chro¬ 
mosomal  changes  (Le.  deletions,  trans¬ 
locations,  Inversions,  .and  tiisomlas). 
These'types  at  dhromasonnQ  Aberrattons 
also-occor-  as  the  -resdlt  dt  .exiiusure  to 
Ionizing  radlatlorf.  'Vdilch  is  Imown  to 
IndtxSe  leukemia. 


Increases  In  chromosomal  aberrations 
In'subjects  suffering  from  benzene  hemo- 
■pathy  were  Investigated  by  PoIUnl  and 
Uotombl  and  by  Pcnnl  and  Mono.  (17), 
.  (16).  (19) 

Fomi  et  al.  examined  chromosomal 
changes  and  their  evolution  In  35  Indl- 
ylduals  who  had  suffered  bone  -marrow 
impediment  of  varying  severity.  I-I9 
years  previously,  as  a  result  of  exposure 
to  benzene.  (30)  Hematologic  examina¬ 
tions  performed  at  the  time  of  the  cyto¬ 
genetic  study,  but  subsequent  to  cessa- 
tl<m  of  exposure.and  recovery  from  ben¬ 
zene  hemopathy,  indicated  normal  blood 
values.  However,  both  stable  and  un¬ 
stable  chromosomal  dianges  were  still 
present.  The  authors  noted  that  "Thte 
finding  (persistence  of  chromosomal 
aberratli^)  la  similar  to  that  reported 
in  Individuals  with  past  exposure  to  Itm- 
izlng  radiatimis,  both  therapeutic  and 
accidental,  and  suggests  that  long-lived 
lymphocytes  might  maintain  chromo¬ 
some  damage  even  fbr  yeare”., 
Chrotnosotual  changes  In  Individuals 
either  no  icmger  exposed  to  boizene,  or 
exposed  Intermittently  to  low  levels,  and 
who  riiow  no  hemotologlcal  disorders, 
have  also  been  Investigated.  After  ex¬ 
amination  of  three  groups  of  factory  em¬ 
ployees  who  displayed  no  toxic  symp¬ 
toms.  Tough  et  al  reported  that  two  of 
these  groups  exposed  <m  the  average  of 
8  and  15  years,  respectively,  to  similar 
working  environments  containing  be- 
tweei)  95  to  150  wun  benzene,  showed  a 
significant  increase  of  structural  chro¬ 
mosomal  aberrations  in  lymphocytes 
over  the  general  pc^iulatlon.  (31)  The 
third  group  of  workea  from  a  different 
kind  of  factory  and  exposed  to  approxi¬ 
mately  13  ppm  for  an  avewge  of  13  years 
showed  a  frequency  of  chromosome  ab- 
erratitms  not  significantly  different  from 
those  found  In  the  general  population. 
Tough  et  al  suggested  that  their  find¬ 
ings  may  Indicate  that  an  Interplay  be¬ 
tween  the  age  of  wortans  and  mciMsure 
to  benzene  Is  responsible  for  the  observed 
effects. 

Induction  of  chromosomal  damage  In 
rabbit  lymiAiocytes  by  subcutaneous  in¬ 
jection  of  benzene  has  been  reported  by 
KlssUng  ahd  Speck.  (33)  During  the 
phase  of  peripheral  panortopenia  the 
frequency  of  mitotic  figures  showing  ab¬ 
errations  (mostly  gaps  and  breaks)  In¬ 
creased  from  an  InlUal  value  of  6  per¬ 
cent  to  58  percent  after  an  average  of  18 
weeks.  Two  months  later,  after  the  dls- 
contlnuance  of  benzene  treatment,  visible 
chramosomal  damage  was  stin  observed 
In  36  percent  of  the  mitotic  oeDs.  Also 
Philip  and  Jensen  In  a  izrellnilnary  report 
dememsteated  that  a  single  subcutaneous 
Injection  of  benzene  (dose:  3.0  ml  ben- 
Mne/kg  body  weight)  administered  to 
rats  Is  capaUe  of  Increasing  the  fraction 
Iff  marrow  cells  which  eriiibit  chromo¬ 
somal  abncn7nalltle8.(33)  - 
3.  Leukeyitia.  As  pointed  out,  benzene 
presents  a  6onBlderable  range  of  health 
risks  to  the  wotkiag  popdlattOD.  These 
Inelude  the  tfareht  of  devetoplng  a  form 
nf  oanoer  known  as  leukemia,  a  fatal  and 
Irreversible  disease.  Robbins  defines  leu¬ 
kemia  by  stating: 


Leuksml*  may  b«st  be  considered  m  •  neo¬ 
plasm  (cancerj  of  tlie  white  blood  eelle  and 
to  so  classified  tn  the  "International 'Usta  of 
OauaM  of  Death."  It  to  cbaiactertoed  dhlelly 
by:  the  appearance  of  abnormal.  Immature 
white  cells  In  the  circulating  blood;  diffuse 
and  almost  total  replacement  of  the  bone 
marrow  with  the  leukemic  cells;  and  wlde- 
^read  infiltratea  of  the  liver,  spleen  and 
ether  ttoeues,  analogous  to  metastatic  dlsem- 
Inatlon  of  solid  tissue  cancet.  (94) 

The  recent  epldemkdoglcal  study  of 
Infante  et  aL,  (51)  demonstrating  a  five¬ 
fold  increased  risk  of  total  leukemia  and 
a  ten-fold  Increased  risk  of  mylomonocy- 
Uc  leukemia  among  Pliofilm  workers>ex- 
posed  to  benzene.  Is  supported  by  numer¬ 
ous  case  repiHts  In  the  scientific  and 
medical  literature  over  the  pest  several 
years  concerning  benzene  related  leu¬ 
kemia,  predominantly  of  the  mylogenous 
tvpe. 

At  the  outset  It  should  be- noted  that. 
prior  to  the  development  of  the  Infante 
et  al.  data  conclusively  showing  the  link¬ 
age  between  benzene  exposure  and  the 
development  of  fatal  leukemia  In  work¬ 
ers,  many  had  argued  that  any  substance 
capable  of  Inducing  bone  marrow  depres¬ 
sion  or  other  blood  abmumaliUes  should 
be  treated  as  a  potential  leukemogen. 
For  example,  Cronklte  stated  over  twenty 
years  ago  that: 

The  heart  of  the  proUem  In  the  induction 
of  leukemia  by  industrial  baaards  rests  upon 
quantitation  of  the  agent  and  the  yield  of 
leiikemla.  Two  agents  used  in  Industry  have 
been  correlated  with  an  increased  Incidence 
of  leukemia  In  human  beings.  The  first.  Ion¬ 
izing  radiation,  to  unquestionably  able  to  In¬ 
crease  the  Incidence  of  leukemia.  The  second 
agent,  benzol,  probably  can  produce  an  in¬ 
creased  incidence  of  leukemia,  but  the  data 
are  not  as  good  as  for  the  former.  First,  the 
finger  of  suspicion  must  bs  polntsd  at  any 
agent  which  to  able  to  produce  an  spisst*  of 
the  bone  marrow,  assuming  U  wlU  probably 
be  able  to  produce  leukemia  also.  Second, 
there  is  no  reaeon  to  doubt  that  any  agent 
which  will  produce  a  eanoer  elsewhere  In  the 
body  will  not  be  able  to  produce  leukemia  if 
the  offending  agent  to  traii^>orted  to  the 
hemopoletlo  tlssuee.  (25) 

And,  as  the  National  Academy  of  Sci¬ 
ences  pointed  out  in  Its  report  of  June 
1976: 

Benzene  fits  in  the  former  category  be- 
cauze  it  is  w^  documented  that  it  produces 
aplasia  of  the  bone  niarrow.(4) 

And  as  Williams  et  al.  notes: 

Any  chemical  capable  of  producing  myelo¬ 
toxicity  must  be  regarded  as  a  potential 
leukamogen.  If  the  flndinga  in  radiation — In¬ 
duced  leukemia  M>Pl7  which  indicate  that 
cell  damage'  with  depression  of  msrrow  funo- 
tk»  may  produo#  slteratlons  leading  to  the 
transformation,  of  damaged  cells  into  neo¬ 
plastic  ones.  Ths  only  chemical  which  has 
been  clearly  identified  as  cos  which  Increasss 
the  Inddencs  of  myeloid  leukemias  in 
is  benzsne  in  rathsr  heavy  occupational  ex- 
posure.(ae) 

Tlio  relatimishlp  between  benzene  ex¬ 
posure  and  leukemia  In  humana  In  the 
past  has  resulted  In  luge  part  from 
clinical  observation  and  to  a  lesser  de¬ 
gree  from  epidemiological  studlea.  The 
clinical  evldenee  at  leukemia  has  been 
obtained  either  from  a  survey  of  medical 
reonrds  primarily  In  various  European 
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clinics,  or  from  a  canvass  of  the  pub¬ 
lished  literature  rep<Htlng  case  hlstorleB 
of  individuals  dla^iosed  with  leukemia. 
In  lieu  of  quantitative,  individual  ex¬ 
posure  data,  subjective  evaluations  of 
Intmsity  of  exposure  have  been  utilised. 
The  epidemicdoglcal  evidence  has  been 
derived  from  either  the  determination  of 
the  frequency  of  chronic  bensene  ex¬ 
posure  amooc  cases  ot  leukemia  or  from 
the  determination  of  frequuicy  of,  or 
mortality  from,  leukemia  among  employ¬ 
ees  of  woiic  shops  that  utilize  benzene. 
In  other  words,  in  the  first  method  the 
leukemia  Is  the  constant  factor  of  all 
case  studies  and  the  benzene  exposure 
is  the  variable;  while  the  second  method 
Is  the  reverse,  that  is,  the  benzene  ex¬ 
posure  is  the  constant  factor  while  leu¬ 
kemia  is  the  variable. 

Vlgllani  and  Salta,  in  their  review 
of  47  individuals  suffering  from  benzene 
hemopathy  between  the  period  of  1942 
and  1983,  presented  rliniral  and  labora¬ 
tory  accounts  of  six  cases,  all  of  whom 
were  diagnosed  as  having  haemocyto- 
blastlc  leukemia.  (27)  The  i>eriod  of  ex¬ 
posures  ot  these  individuals  to  either 
resins.  Inks,  varnishes,  or  glues  contain¬ 
ing  varying  concentrations  of  benzene 
ranged  up  to  19  years.  Data  on  the  con- 
oentratlons  of  benzene  in  the  workplace 
envlrmiment.  with  (me  exceptkm  (190- 
000  ppm)  were  not  available.  Although 
informatton  oa  previous  occupathmal 
histories  or  medical  status  prior  to  the 
final  diagnoses  were  also  not  available, 
the  authors  stated  that  “attribution  of 
the  cases  (of  leukemia  cited)  to  the  ex¬ 
posure  cannot  be  doid>ted."  During  the 
years  1902-1903,  when  there  was  sharp 
rise  In  the  incidence  of  leukemia  among 
workers  exposed  to  benzene  which  coin¬ 
cided  with  an  increase  In  number  of 
benzene  polscmlng  cases  for  this  pmlod. 
the  risk  ot  acute  leukemia  was  estimated 
to  be  about  20  times  greater  than  the 
risk  for  the  general  adult  population. 

Twelve  years  following  the  Vigilant 
and  Salta  study.  Vlgllani  and  Fczml  ob¬ 
served  that  in  the  rotogravure  Industry, 
no  new  cases  of  aplastic  anemia  niu-  of 
leukemia  were  found  lunong  workers  ex- 
p<»ed  solely  to  toluene  after  this  solvent 
was  substituted  tor  bmzene  in  19<M. 
(15)  However,  these  authors  noted  In 
1974  that  eases  (ff  benzene-induced  leu¬ 
kemia  with  long  latency  peii<xls  may 
s^  be  occasionally  observed.  (60)  These 
InvesUgators  also  observed  that  workers 
exposed  to  Uduene  did  not  exhibit  chro¬ 
mosomal  aberrations,  a  finding  seen  in 
employees  who  work  with  benzene. 

Sixteen  (10)  cases  of  various  forms  of 
leukemia  developing  from  long  term 
exposure  to  benzene  were  reported  by 
Tueef  et  ah  (28)  The  duration  (»f  ex¬ 
posure  ranged  between  4  and  27  years. 
However,  no  exposure  concentrations 
were  reported.  In  c<mtrast  to  data  pre¬ 
viously  reported  in  Italy  and  Tuihey, 
the  authors  found  evidence  of  chronic 
leukemia.  Acute  leukenala  accounted  for 
only  •  of  ttie  10  cases.  Three  of  the  six 
acute  leukemias  were  diagnosed  at  2,  4 
and  5  yean  following  cessation  of  ben¬ 
zene  bxposure.  Pour  ot  the  acute  cases 
underwent  a  definite  period  of  bema- 


Urioglc  shifts  ranging  from  anemia  or 
leucopenia  to  aplastic  anemia  and 
spanning  a  period  of  2  to  10  yean.  Of 
the  10  chronic  cases  reported,  none  ot 
the  patients  had  hemocytopenlc  changes 
prior  to  the  cmset  of  leukemia. 

Aksoy  et  al.  reported  the  deaths,  due  to 
leukemia,  of  four  Turkish  shoemakers 
resulting  from  their  exposure  to  benzene 
for  periods  ranging  from  0  to  14  yean. 
(29)  At  the  time  of  the  study,  air  con¬ 
centrations  were  found  to  be  between 
150-210  ppm  of  benzene.  Previous  oc¬ 
cupational  exposure  data  was  not  pro¬ 
vided.  Two  of  the  four  patients  devel¬ 
oped  acute  leuktaila  approximately  two 
and  three  yean  after  the  (xxurrenoe  of 
aplastic  anemia  although  the  other 
two  did  not. 

Adding  8  new  cases  of  leukemia  as¬ 
sociated  with  exposure  to  bensene  to  20 
previously  found,  between  the  yean 
1907  and  1973,  Aksoy  et  al.  observed 
that  with  the  exception  of  one  case  of 
chronic  myeloid  leukemia,  aU  had 
various  forms  of  acute  leukemia.  (30)  A 
preceding  period  of  pancytopenia  .eras 
reported  present  In  almost  25  pmedt  of 
the  eases,  and  the  Interval  between  the 
pancytopenle  period  and  the  onset  of 
leukemia  varied  from  0  months  to  0 
years.  Often  the  clinical  findings  and 
blood  picture  improved  considmtbly  be¬ 
fore  leukemia  was  diagnosed.  During  an 
8  yMu-  period  of  observation,  the  inci¬ 
dence  of  leukemia  am<mg  shoe-worken 
chronically  exposed  to  benzole  was 
calculated  to  be  mart  than  twice  that 
experienced  by  the  general  population 
(13.5/100,000  vs.  6/100,000). 

Browning  tabulated  from  published 
studies  61  cases  of  leukemia  among 
workers  exposed  to  benzene  at  various 
conoentratlonB.  (31)  The  majority  of 
cases  were  ot  the  mydoid  series.  Brown¬ 
ing  noted  that  “benezene  leukemia  is 
frequently  superimposed  on  a  condition 
ot  aplastic  anemia,  but  can  develop  with¬ 
out  a  preceding  peripheral  blood  picture 
characteristic  of  bone  marrow  abasia.’’ 
She  also  noted  that  the  transition  from 
aplastic  anemia  to  leukemia  was  not  un¬ 
learn  In  the  Ideopathlc  forms  of  leu¬ 
kemias. 

DeQowln  (32)  and  others  (Vlgllani  8 
Salta,  Tareff,  Aksoy  etc.)  observed  that 
the  development  (>f  acute  leukemia  In 
some  liKllvldual  cases  was  preceded  by  a 
latency  period  of  up  to  15  yeiurs  f<dlowlng 
cessation  of  exposure  to  bensene.  Some 
of  the  cases  underwent  what  was  con¬ 
sidered  to  be  a  preleukemic  perltxl,  which 
was  characterized  by  leucxqwnia,  anemia, 
thrombocytopenia,  aplastic  anemia,  pan- 
cytopoila  or  a  combination  thereof. 
Other  eases  devrioped  leiiketnia  without 
any  evidence  of  anemia.  According  to 
Vlgllani  and  Salta,  the  time  delay  “does 
not  permit  us  to  attrfiwite  the  disease  to 
the  persistence  of  benzene  in  the  bone 
marrow”.  (27)  They  sunested,  however, 
that  “on  the  basis  of  the  initlatlons>ro- 
motkm  theory  of  the  induction  of  neo¬ 
plasms.  we  might  regard  benzene  as  an 
initiator  of  the  leukemia  proeess,  but  we 
have  no  zoggestlon  of  8  possible  pro¬ 
moter.” 


Based  on  the  hypothesis  that  the  risk 
of  leukemia  was  higher  among  workers 
who  were  exposed  to  benzene  and  medi¬ 
cal  x-rays,  Ishlmaru  et  aL  conducted  a 
retrospective  epidemiological  inveetiga- 
tlon  examining  the  relationship  between 
occupations  and  envlroiunental  factors, 
other  than  A-bomb  exposure,  and  the  in¬ 
cidence  of  leukemia  in  Nagasidd  and  Hir¬ 
oshima  betweoi  1945  and  1987.  (33) 
This  case  control  study  compared  aD 
cases  diagnosed  as  definite  or  probable 
leukemias  between  1945  and  1907  and  re¬ 
siding.  at  the  time  of  the  onset  of  the  dis¬ 
ease.  in  Hiroshima  or  Nagasaki.  Con¬ 
trols  were  matched  for  city,  sex,  date  of 
birth  (±30  mcmths),  distance  from  the 
atomic  bomb  exploston.  alive  and  re¬ 
siding  In  either  city  at  the  of  the 
(Muet  of  the  disease  in  the  patioit.  Four 
himdred  ninety-two  leukemia  eases  were 
Identified,  but  matched  controls  could 
only  be  obtained  for  413.  Fifteen  occupa¬ 
tions  were  adected  in  which  there 
been  exposure  to  either  mecMcal  x-rays  or 
sohrmts  especially  benzene  and  its  deriv¬ 
atives.  Three  hundred  and  three  adult 
cases  with  the  onset  of  leukemia  at  age  15 
years  or  over  and  their  controls  were 
compared.  Eleven  of  the  15  ooctwations 
were  selected  baaed  on  vdiether  there  had 
been  a  history  of  such  occupations  by 
either  the  leukemia  cases  or  the  cootnds. 
Considered  as  a  group,  the  risk  ot  leuke¬ 
mia  was  found  to  be  significantly  higher 
(about  2.5  times  greater)  amosig  those 
with  a  history  of  such  occupations  in 
which  various  volatile  solvents  were  used 
as  compared  with  those  without.  The 
relative  risk  was  1.8  times  higher  for 
chronic  leukemia  and  2.9  times  higher 
for  acute.  Eighteen  of  the  leukemia  cases 
associated  with  solvents  were  located  in 
distant  and  n(m:-exposed  radiation  areas 
and  were  considered  too  far  from  the  A- 
bomb  exploskm  for  radiation  to  have  en¬ 
hanced  the  increased  risk.  AcerfMng  the 
source  of  error  Inherent  in  the  method 
which  was  used  to  coBect  the  data,  the 
results  of  this  study  nonetheless  rein¬ 
force  the  observation  that  an  increase 
in  leukemia  existed  in  that  portion  of 
the  population  exposed  to  radiation  and 
emplo^  in  an  (xxupatlon  where  sol¬ 
vents  were  used,  especially  benzene  or 
where  exposure  to  medical  x-ray 
occtured. 

Thorpe,  then  Associate  Medical  Direc¬ 
tor  for  the  Exxon  C(»i>oration.  on  the 
other  hand,  rnwrted  that  the  incidence 
of  leukemia  among  a  population  of  38,000 
w(»kers  exposed  to  low  lev^  of  benzene 
over  a  ten  year  period  (1962-1072)  was 
not  significantly  different  when  com¬ 
pared  with  the  general  population.  (24) 

This  study  has  been  severely  crltl- 
clzed  by  Brown  for  its  relaxed  ease-find¬ 
ing  techniques  and  the  methods  of  anal- 
ysea  (35)  Thus,  the  conclusions  derived 
from  this  study  must  be  viewed  in  the 
light  of  soious  method(dogleal  problems 
which  were  eneountered  in  the  ooDectlon 
and  treatment  of  the  data.  These  prob¬ 
lems.  which  were  also  aelmowledged  by 
Thorpe,  Indaded:  (1)  Iheiow  jnchiawa 
of  leukemia  In  the  general  popsiatian; 
(2)  the  validity  of  the  disgnosOt  Of  len- 
kemla,  (2)  the  (maatMsdlve  detkrihipa- 


FIDftAL  REGIST28,  VOi.  42,  NO.  103 — FIIDAY,  MAY  27,  1977 


27470 


PROPOSED  RULES 


tions  of  the  extent  of  esposutea,  (4)  an 
inadequate  foUow-up  annultanto  and 
(5)  Incomplete  oocopatlooal  histories  on 
Individuals  diagnosed  as  having  leuke¬ 
mia. 

Infante  et  al.  recently  reported  the 
results  of  an  oigoing  epidemiologic  study 
among  workm  exposed  to  benzene  dur¬ 
ing  the  manufacture  of  PUofllm,  a  proc¬ 
ess  unconfounded  with  mixed  stdvent  ex¬ 
posures.  (51)  Although  follow-up  is  less 
than  75%  completed,  the  results  already 
denonstnite  a  statistically  slRniflcant 
excess  of  leukemia  in  benzene  exposed 
workers  as  compared  with  the  expecta- 
ti(ms  based  on  the  U.S.  vdilte  male  popu¬ 
lation  or  on  a  second  p(^7ulation  em¬ 
ployed  at  an  Industry  in  the  same  state 
over  the  same  period  of  time.  Among 
benzene  exposed  workers,  a  five-fold 
excess  of  total  leukemia  and  a  10-fold 
excess  of  mydiomonocytic  leukemias 
were  demonstrated  even  under  condi¬ 
tions  leading  to  an  underestimate  of  the 
true  leukemia  risk.  Those  conditions 
were  the  treatment  and  the  analyses  of 
individuals  whose  vital  status  was  un¬ 
known — ^they  were  assumed  to  be  alive 
until  the  last  day  of  the  study  period. 
Note  was  made  of  the  consistency  ci  the 
types  of  leukemia  in  this  study  popula¬ 
tion  (myelogenous  a,nd  monocytic)  with 
earlier  case  reports  by  Vlgllanl  of  work¬ 
ers  who  had  died  from  benzene  related 
leukemia  in  Italy. 

The  wide  variety  of  clinical  manifes¬ 
tations  and  hematological  disorders  ob¬ 
served  in  humans  eximsed  to  benzene, 
which  range  from  simple  anemia  and 
leukopenia  to  aplastic  anemia  have  been, 
experimentally  induced  in  animals. 
However,  attempts  to  demonstrate  the 
developmoit  of  leukemia  in  animals  ex¬ 
po^  to  benzme  has  met  with  less  suc¬ 
cess.  To  date,  a  study  by  Ugnac  in  1932 
is  the  only  animal  sUidy  known  to  OSHA 
in  which  leukemia  has  been  observed  in 
animals  exposed  to  benzene.  (38)  Fifty- 
four  mice  (28  females,  28  males)  were 
given  subcutaneous  Injections  of  benzene 
(0.001  ml  in  0.1  ml  of  olive  oil)  for  17 
to  21  weeks.  Nine  mice  were  initially  ex¬ 
cluded  following  bacterkfiogical  exami¬ 
nation  and  an  additional  12  were  lost 
through  atvoiAy  of  various  organs,  es¬ 
pecially  the  spleen.  Llgnac  attributed 
tliese  deaths  to  the  size  of  the  dose  ot 
benzene  based  upon  the  findings  of  a 
preceding  experiment.  Eight  of  the  re¬ 
maining  44  mice  develcHKd  leukemia  or 
Kundrat’s  lymphosarcoma  and  died  4  to 
11  months  after  receiving  the  first  injec¬ 
tion.  The  absence  of  (X>ncurrent  controls 
makes  interpretation  of  the  results  diffi¬ 
cult,  and  uncertainties  as  to  the  strain  of 
the  mice  studied  has  frustrated  efforts  to 
independently  confirm  the  findings. 

More  recent  studies  have  failed  to  pro¬ 
duce  Llgnac's  results.  Amlel  in  1960  uti¬ 
lized  four  inbred  strains  of  mice  and  sub¬ 
jected  them  to  the  same  experimental 
program  outlined  in  Lignac’s  study. 
(39)  No  leukemic  or  aplastic  hemo- 
pathies  were  observed.  More  recently. 
Ward  et  al.  administered  benzene  sub¬ 
cutaneously  to  a  species  and  strain  of 
mice  whkih  is  responsive  to  leukemogenlc 
agents.  (40)  Although  they  observed  a 


slight  increase  in  the  percentage  of 
granulocytle  leukemias  in  the  benzene- 
treated  mice  as  compared  with  the  con¬ 
trols,  the  authors  viewed  the  increase  as 
not  statistically  significant. 

suiacAKT  un  xxplakation  or  thx 

STSHDARO 

The  requirements  of  the  emergency 
t^porary  standard  are  those  which 
OSHA  considers  essmtial  and  feasible 
to  protect  employees  from  the  grave 
danger  resulting  from  benzene  exposure 
until  a  permanent  standard  can  be  pro¬ 
mulgated  In  accordance  with  sections 
6  (b)  and  (c)  of  the  Act  The  following 
section  discusses  the  significant  provi¬ 
sions  of  the  emergency  temporary  stand¬ 
ard  for  benzene  and  the  necessity  for  in¬ 
cluding  these  provisions  in  the  ET3. 

A.  Scope  and  appUcation.  The  emer¬ 
gency  temporary  standard  applies  to 
all  employers  and  all  establishments  in 
which  b^izene  is  present,  exc^t  for  two 
general  groups.  The  ET8  does  not  apply 
to  retail  aukMnotlve  service  stations.  It’s 
estimated  that  there  are  presently  more 
than  200,000  such  service  stations  in  the 
country.  Further,  the  limited  evidence 
presently  available  suggests  that  em¬ 
ployee  exposures  during  gas  dispensing 
(H>eraUons  are  generally  below  1  pinn. 
In  light  of  these  facts,  and  the  relatively 
short  duration  of  the  ET8,  it  has  been 
determined  that  exclusion  of  such  serv¬ 
ice  stathms  from  the  ETS  would  be  ap¬ 
propriate. 

Similarly,' the  ETTS  docs  not  cover  ex¬ 
posure  to  liquids  containing  benzene  in 
funounts  of  1  percent  or  less  by  volume, 
or  bmzme  vapor  released  by  these  liq¬ 
uids.  Benzene  is  a  contaminant  as  well 
as  an  additive  in  a  multitude  of  indus¬ 
trial  substances.  OSHA  estimates  that 
some  60,000  facilities  with  over  400,000 
employees  are  oigaged  In  industrial 
operations  utilizing  liquid  mixtures  con¬ 
taining  1  percent  or  less  benzene  by 
volume. 

Also  based  on  the  presently  available 
evidence  in  the  Arthur  D.  Uttle  study 
the  exposure  of  employee  working  with 
these  mixture  is  generally  less  than  1 
ppm  on  an  8  hour  average.  In  view  of 
the  foregoing,  the  ETS  excludes  users 
of  these  mixtures  from  its  coverage. 

However,  dmring  the  proceedings  on 
the  propoB^  permanent  standard,  it  is 
OSHA's  intention  to  consider  the  appro¬ 
priate  scope  and  appllcatlofi  of  its  per¬ 
manent  standards  to  protect  wooers 
from  ttie  leukemia  hazard  of  benzene 
exposure.  • 

Meanwhile,  the  existing  standard  in 
S  1910.1000  which  governs  benzene  ex¬ 
posure  will  continue  to  apply  to  retail 
automotive  service  sUitlons  and  to  op¬ 
erations  wdiich  use  liquids  containing 
one.  percent  or  less  benzene. 

Thus,  these  employers  must  continue 
to  limit  their  employees'  exposures  to 
benzene  to  the  10  ppm  permissible  ex¬ 
posure  limit,  25  ppm  limit  ceiling  and 
50  ppm  excursion  limit  of  that  section. 

TTie  emergency  temporary  standard 
is  applicable  to  "general  industry,"  con¬ 
struction  and  maritime. 


B.  PermiMtibU  expoaure  Uwiit.  The 
standard  has  separate  permissible 
limits  for  airborne  exposure  and  tar  eye 
and  dermal  exposures. 

(1)  Airborne  expoaure  Umits.  Con¬ 
siderable  scientific  opinion  supports  the 
regulatory  policy  for  carcinogens  that 
no  safe  level  exists  for  any  exposed 
population.  For  example,  the  National 
Canew  Institute’s  Ad  Hoc  Committee  on 
the  Evaluation  of  Low  Levels  ot  En¬ 
vironmental  Chemical  Carcinogens 
(1970)  stated: 

No  If  vel  of  exposure  to  a  chemical  catvlno- 
gen  ahould  be  coneldered  toxlcologlcally 
inalgnlflcant  for  man.  For  carcinogenic 
agents,  a  ‘tefe  level  for  man"  cannot  be  ee- 
tabllshed  by  application  of  our  present 
knowledge.  (NCI,  1970,  p.  1). 

Furthermore,  NIOSH  has  stated  that, 
"it  is  not  possible  at  the  present  time  to 
establish  an  exposure  level  at  which 
benzene  may  be  regarded  to  be  without 
danger,"  a  position  which  it  has  con¬ 
sistently  taken  with  regard  to  other 
carclnogais. 

This  regulatory  p(dlcy  is  cimsistent 
with  previous  OBHA  aetkms  to  control 
employee  exposure  to  carcinogens;  see, 
eg;,  the  preambles  to  the  carcinogen 
standards.  29  CFR  1910.1003  et  seq.'(39 
FR  3758):  the  vinyl  chloride  standard, 
29  CFR  1910.1017  (39  FR  35892)  and  the 
coke  oven  emissions  standard,  29  (7PR 
1910.1029  (41  FR  46742).  Thus,  the  level 
of  1  ppm  has  been  chosen,  not  as  a  “safe" 
or  “no  effect"  level,  but  on  the  basis  of 
OSHA’s  belief,  for  the  reasons  set  forth 
in  the  technical  feasibility  and  economic 
Impact  study  prepared  for  OSHA  by 
Arthur  D.  Little  Co.,  that  1  ppm  Is  the 
lowest  level  that  generally  can  be 
achieved  at  this  ttane.  ‘ 

(2)  Ceiling  Umit.  In  addition  to  limit¬ 
ing  8-hour  time  weighted  average  ex¬ 
posures  to  1  ppm.  the  emergency  stand¬ 
ard  requires  that  no  employee  be 
exposed  to  benzene  in  excess  of  5  ppm 
averaged  over  any  15-mlnute  period.  An 
employee  may  be  exposed  to  varying 
concentrations  of  benzene  during  the 
course  of  the  workday  with  some  periods 
of  exposure  above  1  ppm  and  correspond¬ 
ing  periods  below  1  ppm.  OSHA  has 
determined  that  the  .peak  excursions 
permitted  under  the  present  standard 
are  not  appropriate  in  regulating  ex¬ 
posure  to  benzene — a  huuian  leukemia 
hazard  for  which  no  safe  level  can  be 
determined.  For  this  reason^  the  15- 
minute  celling  Umit  of  5  ppm  Is  estab- 
Ushed  to  limit  the  magnitude  of  brief 
excursions  which  might  otherwise  occur 
even  where  the  8-hour  time  weighted 
average  was  not  exceeded. 

(3)  Dermal  and  eye  exposure  Umits. 
The  standard  prohibits  eye  and  repeated 
or  prolonged  skin  exposure  to  liquid  ben¬ 
zene.  WhUe  studies  indicate  benzene  is 
not  readily  absorbed  through  intact  skin, 
direct  contact  with  liquid  benzene  can 
cause  blistering  and  breakage  of  the  skin 
surface.  (46),  (47)  Under  these  circum¬ 
stances,  or  where  the  skin  is  otherwise 
broken,  prolonged  or  repeated  skin  con¬ 
tact  may  result  in  significant  absorption 
of  benzene.  In  addition,  benzene  abs(NT>- 
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tkMi  throogh  the  xaay  be  enhanced 
when  tt  occurs  In  comblnatkui  with  other 
solvents.  (40  Once  absorbed,  the  ben* 
sene  Is  distributed  throughout  the  body 
by  the  blood. 

C.  NoUfication  of  use.  The  standard 
requires  employers  to  notify  06HA  of 
the  location  of  workplaces  In  which  ben¬ 
zene  Is  used  and  to  describe  the  condi¬ 
tions  of  use  and  protective  measures  hi 
effect.  This  requirement  Is  designed  to 
assure  compliance  during  the  effective 
period  of  this  ET8. 

D.  Monitoring  of  exposure.  The  stand¬ 
ard  requires  employers  to  monitor  each 
workplace  where  benzene  Is  present  to 
determine  employee  ezpostuv.  Such  de¬ 
terminations  may  be  made  by  moidtor- 
Ing  and  measurements  which  are' rep¬ 
resentative  of  each  dnployee’s  exposure 
to  benzene  over  an  8-hour  period.  Actual 
measurements  of  airborne  concentra¬ 
tions  of  benzene  are  required  In  order  to 
determine  employee  exposure  to  benzene. 
However,  employers  do  not  have  to  meas¬ 
ure  the  exposure  of  each  Individual 
employee. 

Where  the  initial  measurements  reveal 
benzene  exposure  to  be  above  the  permls- 
sllde  exposure  limit,  monthly  mcmitorlng 
Is  required.  Measurements  which  reveal 
levels  of  exposure  to  benzene  below  the 
permissible  exposure  limit  require  quar¬ 
terly  monitoring. 

The  results  of  the  exposure  measure¬ 
ment  program  determine  what  further 
action  must  be  taken  by  the  employer.  In 
addition  to  monthly  monitoring,  meas¬ 
urement  of  exposures  above  the  permis¬ 
sible  exposure  limit  require  the  employer 
'to  Institute  controls  to  reduce  the  ex¬ 
posure  to  or  below  the  permissible  ex¬ 
posure  limit.  A  monitoring  requirement 
Is  necessary  in  the  ETS  to  reduce  em- 
Idoyee  exposure. 

In  establishing  the  monitoring  and 
measurement  requirements  of  this  stand- 
aid,  OSHA  has  considered  the  impor¬ 
tance  of  such  activities  to  Identifying  ex¬ 
posed  employees  and  their  levels  of  ex¬ 
posure  so  that  appropriate  protective 
measures  may  be  tsjeen.  OSHA  has  also 
considered  the  question  of  the  feasibility 
of  Immediately  complying  with  the  mon¬ 
itoring  requirements  specified. 

Performing  the  required  measurements 
of  employee  exposure  to  benzene  will 
generally  Involve  the  use  of  portable  bat¬ 
tery-powered  air  sampling  piunps  worn 
by  the  employee  during  the  sampling 
period,  charcoal  tubes  for  absorption  of 
the  benzene,  and  'access  to  appropriate 
Moratory  facilities  for  subsequent  analr 
ysls  of  the  charcoal  tube  samples.  The 
laboratory  analysis  would  usually  be  per- 
f<Mined  using  gas  chromotogiaphs,  a 
technique  commonly  avaUable  In  analyt¬ 
ical  laboratories  and  utilized  for  the 
analysis  of  a  wide  range  of  air  contami¬ 
nants  found  In  samples  of  the  workplace 
environment  and  general  community. 
The  standard  provides  that  the  Initial 
sampling  must  be  conducted  and  re¬ 
sults  obtained  within  30  days  of  the  ef¬ 
fective  date  of  the  standard,  which  would 
be  almost  50  days  fi^owlng  publication 
of  the  standard.  The  standard  does  not 
require  a  separate  measurement  for  each 
affected  emidoyee.  It  requires  only  that 


sufficient  measurements  are  obtained  to 
be  representative  of  the  exposure  of  an 
affected  employees. 

06HA  notes  that  the  monitoring  re¬ 
quirements  will  arise  principally  In  the 
industries  engaged  In  benzene  produc¬ 
tion.  gasoline  production,  and  rdated 
chemical  Industries.  These  Industries  are 
generally  regarded  to  be  at  the  forefront 
of  all  Industries  with  respect  to  existihg 
Industrial  hygiene  and  occupatlomd 
health  programs.  Blany  of  the  employers 
in  these  Industries  have  extensive  pro¬ 
fessional  and  technical  staffs  and  estab¬ 
lished  employee  health  programs  which 
Include  periodic  measurement  of  em¬ 
ployee  exposure  to  benzene.  Thus  these 
employers  kre  «cp«cted  to  have  little 
difficulty  in  complying  with  the  monitor¬ 
ing  requirements  of  this  standard.  Some 
of  these  employers  have  had  to  acquire 
much  of  the  apparatus  and  equipment 
required  for  measuring  emphqree  expo¬ 
sure  to  benzene  In  order  to  comply  with 
other  occupational  health  standards  pre¬ 
viously  Issued  by  this  Agency.  For  ex¬ 
ample.  those  employers  engaged  in  man¬ 
ufacturing  or  use  of  vinyl  chloride  and 
polyvinyl  chloride  and  employers  en¬ 
gaged  In  the  operation  of  coke  ovens — 
one  source  of  benzene  productlm,  will 
find  that  much  of  the  effort  made  earlier 
In  complying  with  the  standards  for 
vinyl  chloride  and  coke  oven  emissions 
will  be  applicable  to  the  requirements 
imder  this  standard  for  meuurlng  em¬ 
ployee  exposure  to  benzene. 

There  are  approximately  eight  manu¬ 
facturers  of  suitable  sampling  pumps. 
While  It  is  not  possible  to  know  the  total 
number  of  pumps  immediately  available 
from  these  manufacturers,  one  of  the 
major  manufMturers  has  Indicated  an 
ability  to  deliver  200  Immediately  and 
800  within  45  days.  That  manufacturer 
estimated  that  the  entire  industry  is 
capable  of  delivering  up  to  2,000  pumps 
In  no  mwe  than  60  days  from  now. 
OSHA  believes  this  capacity  Is  adequate 
to  meet  the  additional  needs  of  employ¬ 
ers  who  do  not  presently  have  a  sufficient 
number  of  these  sampling  piunps.  More¬ 
over,  the  standard  does  not  require  that 
the  employer  own  the  equipment  andido 
this  monitoring  himself;  the  utilization 
of  consultants  or  contractors  Is  another 
choice  available  to  many  employers. 

For  the  above  reasons,  the  Assistant 
Secretary  concludes  that  the  monitoring 
and  measurement  requirements  of  this 
emergency  standard  are  feasible. 

E.  Methods  of  compliance.  The  stand¬ 
ard  requires  employee  exposure  to  boi- 
zene  to  be  reduced  to  1  ppm  by  engineer¬ 
ing  controls,  work  practices  and  respira¬ 
tory  protection.  The  emergency  standard 
reflects  a  preference  for  the  use  of  engi¬ 
neering  controls,  work  practices  and. 
wha«  possible,  sub^ution  because  of 
the  greater  reliability  of  these  control 
techniques.  (See,  for  example,  the  stand¬ 
ards  on  vinyl  chloride,  i  1910.1017.  and 
coke  oven  emissions  1  1910.1029,  and  the 
reasons  given  therein.)  . 

Thus,  employers  are  required  to  in¬ 
stitute  feasible  engineering  ocmtrols  and 
wotfc  practices  as  soon  as  possible  to 
reduce  employee  exposure  to  or  below' the 


permlssthie  expoaure  limits.  In  opera- 
ttoca  where  engineering  oontrols  and 
work  practleeB  do  not  compietely  reduce 
exposure  to  the  permissible  levd.  they 
must  stm  be  Implemented  to  reduce  ex¬ 
posures  to  the  lowest  practicable  level 
and  suppiemoited  by  respirators. 

OSHA  recognises  that  compli¬ 

ance  may  Involve  the  use  of  respirators 
In  many  Instances  until  engineering  con¬ 
trols  are  Installed  and  work  practices 
Initiated. 

Baaed  on  a  review  ot  the  Arthur  D. 
Little  Co.  study  and  data  furnished  by 
respirator  manufacturers.  OSHA  has  de¬ 
termined  that  the  availability  of  respira¬ 
tors  of  the  required  types,  especially  the 
alr-purlfylng  respirators  and  reidaoe- 
ment  cartridges.  Is  adequate  to  meet  the 
needs  of  employaa  who  wfll  require  them 
for  comidlance  with  the  ETB.  For  ex¬ 
ample,  there  are  several  manufaehirers 
of  alr-purlfying  respirators  for  use 
against  benzene.  One  of  these  manufac¬ 
turers  has  Indicated  that  It  currently 
has  In  stock  100,000  replacement  esu- 
trldges  more  than  normal  order  require¬ 
ments,  can  (Mlver  more  than  250,000 
cartridges  per  month,  and  Is  presently 
Increasing  prodnctlMi  capacity  for  this 
type  of  re^irator.  Additionally.  06HA  Is 
aware  that  respirators  are  currently 
available  for  use  by  emjdoyees  In  many 
Job  categories  In  the  industries  covered 
by  this  standard,  such  as  the  petroleum 
refining,  petroehemlcsd.  chemical,  and 
related  industries. 

OSHA  estimates  that  approximately 
30,000  of  the  150,000  onployees  affected 
by  this  standard  would  have  to  be  fur¬ 
nished  respirators  for  use  some  (rf  the 
time  during  the  Initial  period  of  com¬ 
pliance  with  this  standard.  In  view  of 
the  current  existence  ot  suitable  respira¬ 
tors  In  many  workidaces  where  they 
would  be  needed  and  the  ability  of  the 
respirator  manufacturers  and  suppliers' 
to  supply  promptly  on  receipt  of  order 
additional  respirators  needed  to  comply, 
OSHA  concludes  that  the  respirator  re¬ 
quirements  of  this  standard  are  feasible. 

F.  Medical  surveillance.  The  standard 
requires  employers  to  Institute  a  limited 
program  of  medical  surveillance  for  all 
anployere  exposed  to  benzene.  The  iHir- 
poses  of  these  medical  surveillance  re¬ 
quirements  are  to  determine  the  effects 
of  exposure  <m  the  blood  f  mnlng  systems 
ot  the  employees,  to  detect  blood  abnor¬ 
malities,  and  to  ouure  that  symptoms  of 
overexposure  to  benzene  are  recognized 
as  early  as  possible.  The  standard  pro¬ 
vides  that  this  medical  testing  shall  be 
conducted  within  30  days  of  the  effective 
date  of  the  standard  and  quarterly 
thereafter.  The  medical  survelllanoe  re¬ 
quirements  are  limited  to  those  minimum 
tests  considered  necessary  for  the  emer- 
gency  standard.  (41)  The  standard  also 
requires  a  medical  history  to  be  taken 
for  every  employee  who  may  be  eiqwsed 
to  benzene. 

Faculties  for  performing  such  routine 
blood  tests  are  readily  available  In  all 
parts  of  the  country  and  OSHA  has  con¬ 
cluded  that  compliance  wttti  this  limited 
medical  testing  requirement  Is  Immedi¬ 
ately  feasible. 
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Following  the  medical  examination,  the 
employer  must  obtain  a  written  opinion 
from  the  examining  physician  stating 
whether  the  employee  has  any  medical 
condition  that  would  place  him  at  In¬ 
creased  risk  to  his  health  from  exposure 
to  benzene.  The  emplos^  must  provide 
a  copy  of  the  physician’s  opinion  to  the 
affected  emplc^ee.  Employees  are  not 
required  by  the  standard  to  submit  to 
the  medical  surveillance  offered  under 
this  provision. 

G.  Employee  education  and  training. 
Information  and  training  are  important 
to  protect  employees  from  workplace 
cancer  hazards.  Appropriate  training  of 
employees  can  result  in  immediate  bene¬ 
fits  in  terms  of  reduced  exposures.  To  be 
effective,  an  employee  education  system 
must  fully  inform  the  employee  of  the 
specifle  hazards  associated  with  tlie  work 
envir(ximent.  For  this  resism,  the  em¬ 
ployer  is  required  to  inform  each  em¬ 
ployee  who  is  assigned  to  work  in  the 
pre.sence  of  benzene  about  the  specific 
operations  where  benzene  exiwsure  may 
occur  and  about  proper  procedures  to 
avoid  imnecessary  exposure.  The  re¬ 
quired  training  program  must,  among 
other  things,  advise  employees  of  the 
signs  and  symptoms  od  exposure  to  ben¬ 
zene.  the  purpose  of  the  medical  t«sts, 
and  the  purpose,  proper  use,  and  limi¬ 
tation  of  respirators. 

H.  Signs.  It  is  important  for  the  pro¬ 
tection  of  employees  that  appropriate 
forms  of  warning,  as  necessary,  be  used 
to  inform  employees  of  the  hazards  to 
which  they  are  exposed  in  the  course  of 
their  employment. 

In  light  of  the  grave  danger  posed  by 
exposure  to  benzene,  OSHA  believes  that 
signs  are  necessary  in  addition  to  the  pe¬ 
riodic  training  program  for  informing 
employees  of  the  carcinogenic  hazard  of 
benzene  exposure. 

I.  Recordkeeping,  'the  standard  re¬ 
quires  a  limited  amotrijt  of  recordkeep¬ 
ing.  Employers  must  maintain  exposure 
measuremrat  records  and  medical  rec¬ 
ords.  Such  records  must  be  maintained 
during  the  period  of  the  emergency 
standard.  Thereafter,  employers  will  be 
subject  to  the  long-term  recordkeeping 
requirements  included  in  the  final 
standard  promulgated  under  sectiim  6 
(b)  of  the  Act. 

J.  Appendixes.  Ihree  appendixes  have 
been  attached  to  the  standard  for  infor- 
matitmal  purposes.  These  appendixes  do 
not  impose  any  additional  requirements 
on  the  employer. 

V. — ^Rsfuences 

The  studies  and  other  data  listed 
below,  as  wdl  as  the  additional  material 
referred  to  In  this  document,  represent 
the  principal  sources  upon  which  the 
emergency  standard  Is  based.  A  complete 
set  of  the  refer«ices  la  availaUe  for  in¬ 
spection  and  copying  at  the  OSHA  Tech¬ 
nical  Data  Centtf.  Room  S6212,  UB. 
Department  of  Labor,  3rd  Street  and 
Constitution  Avenue  NW.,  Washington, 
D.C.  20210. 
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Industrial  Hyglanlsti:  TVsnssoWoa  of  tbs 
Blghtb  *"""-1  Ifsstlng.  Cincinnati,  Ohio, 
ACaiH,  1046,  p.  40. 


3.  Amerloan  Obnfsrrace  of  aoTsrmnental 
Industrial  Hygienists:  Thresbold  limit 
Values  for  Etubetanoes  In  Workroom  Air 
Adopted  by  ACOIH  for  19M.  Cincinnati. 
Ohio.  ACOIH.  1063. 

3.  Occupational  Exposure  to  Benzene:  Cri¬ 
teria  For  Recommended  Standard.  UB.  Dept, 
of  Health,  Education,  and  Welfare.  Public 
Health  Service,  Center  for  Disease  Control. 
National  Institute  for  Occupational  Safety 
and  Health,  1674. 

4.  National  Research  Council.  Health  Ef¬ 
fects  of  Benzene:  A  Review.  Conunittee  on 
Toxicology  Assembly  of  Life  Sciences,  Na¬ 
tional  Academy  of  Sciences,  June  1976. 

6.  Occupational  Exposure  to  Benzene;  Re¬ 
vised  Criteria  For  A  Recommended  Standard. 
U.S.  Dept,  of  Herdth,  Eklucation.  and  Wel¬ 
fare,  Public  Health  Service.  Center  For  Dis¬ 
ease  CKintrol,  National  Institute  for  Occupa¬ 
tional  Safety  and  Health,  August  1976. 

6.  Finklea,  J.  P.,  Director,  NI06H;  Memo¬ 
randum  to  Assistant  Secretary  of  Labor, 
OSHA.  Dept,  of  Labor  October  27.  1976. 

7.  Finklea,  J.  F.,  Director,  NIOSH:  Memo¬ 
randum  to  Assistant  Secretary  of  LabM’, 
OSHA.  Dept,  ot  Labor.  AprU  IS,  1977. 

8.  Oreenburg,  L.,  M.  R.  Mayers,  L.  Oold- 
water,  and  A.  R.  Smith:  Benzene  (benzol) 
poisoning  In  the  rotogravure  printing  Indus¬ 
try  In  New  York  City.  J.  Ind.  Hyg.  Toxicol. 
31:396-420,  1939. 

9.  MaUory,  T.  B..  E.  A.  Oall,  and  W.  J. 
Brlckley:  Chronic  exposure  to  benzene  (ben¬ 
zol) — ^m.  The  patlKriogic  results  J.  Ind.  Hyg. 
Toxicol.  21:855-77,  1939. 

10.  Hardy.  H.  L.,  and  H.  B.  Elkins:  Medical 
aspects  of  maximum  allowable  concentra¬ 
tions:  Benzene.  J.  Ind.  Hyg.  Toxicol.  30:196- 
200.  1948. 

11.  Aksoy,  M.,  K.  Dliicol,  T.  Adgun,  S. 
Erdem,  and  O.  Dlnool:  Haematologlcal  effects 
of  chronic  benzene  poisoning  in  317  workers. 
Brit.  J.  Indus.  Med.  28;396-302.  1971. 

12.  Selling,  L.:  Benzol  as  a  leucotoxln. 
Johns  Hopk.  Hosp.  Rep.,  17:83-136,  1916. 

13.  Cavlgneaux,  L.:  Confirmed  Intoxica¬ 
tions.  Cah.  Med.  Interprof.,  2:26-31,  1963. 

14.  Vigilant,  E.  C.  and  A.  Fornl.  Benzene, 
chromosome  changes  and  leukemia.  J.  Occ. 
Med.  11:146-149,  1969. 

16.  Vlgllanl,  B.  C.,  and  A.  Fornl:  Benzene 
and  leukemia.  Environ.  Res.  11:123-27,  1976. 

16.  Deichmann,  W.  B..  W.  B.  MacDonald, 
and  B.  Bernal:  Hie  hemopoietic  tissue  tox¬ 
icity  of  benzene  vapors.  Toxicol.  App.  Phar¬ 
macol.  5:201-34, 1963. 

17.  Ftdllnl,  O.  and  R.  Colombl  (Medullary 
chromosome  damage  In  aplastic  anemia 
caused  by  benzol).  Med.  lavoro  65;341-6S, 
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li.  Fornl,  A.  and  L.  Moreo:  Cytogenetic 
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PacUloo  and  B.  C.  Vlgllanl:  Chromoeome 
changes  and  tbelr  evolution  In  subjects  with 
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VI.  EirvnONlfENTAL  AND  ECONOMIC 
Impacts 

The  National  Environinental  Policy 
Act  ctf  1969  (42  U.S.C.  4321  et  seq.)  and 
regulations  Issued  thereunder  (29  CFR 
Part  1999)  require  that  Federal  agencies 
assess  their  proposed  major  actions  to 
determine  whether  a  significant  impact 
on  the  quality  of  the  human  envlrtHunent 
may  result,  and  if  necessary  to  prepare 
an  environmental  Impact  statement.  An 
environmental  impact  stat^ent  on  the 
regulation  of  ooeupational  exposure  to 
benzene  will  be  prepared  and  made  avail¬ 
able  as  required  during  the  rulemaUug 
proceedings  under  section  6(b)  of  the 
Act.  Because  of  the  emergency  nature  of 
this  standard,  no  environmental  impact 
statement  can  be  prepared  or  is  required 
for  the  anergeacy  temporary  standard. 
In  addition,  notice  Is  hereby  given  that 
ah  eccmomic  Inipact  analysis  under  Ex¬ 
ecutive  Order  11949  (42  Rt  1017)  and  ap- 
idlcable  procedures  win  be  prepared  and 
made  available  imUm  to  the  promulgation 
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of  any  permanent  standard  resulting 
from  this  emergency  temporary  stand¬ 
ard.  'Hie  preliminary  econbmlc  and  tech¬ 
nological  fcasfoillty  study  done  by  Ar¬ 
thur  D.  Little  indicates  that  the  emer¬ 
gency  standard  is  feasible. 

Vni — Public  Participatiom — ^NoncE  of 
Hearing 

Pursuant  to  section  6(e)  (3)  of  the  Act, 
this  E'rs  as  published  also  serves  as  a 
proposal  for  a  permanent  rule.  It  is 
OBHA’s  intention  to  develop  and  publish 
a  more  comprehensive  proposal  in  the 
very  near  future  which  will  contain  ad¬ 
ditional  provisions  and  some  modifica¬ 
tions  of  this  emergency  standard.  Since 
the  comprehensive  proposal  will  be  based 
on  the  emergency  standard  and  since  the 
emergency  nature  of  the  proceeding  and 
Uie  requirements  of  section  6(c)  will  ne¬ 
cessitate  expedited  treatment  through¬ 
out  tire  development  of  the  final  standard 
on  benzene,  interested  parties  should 
begin  preparation  of  their  written  com- 
uier:ts  and  oral  presentations  immedi- 
alt'ly. 

Interested  persons  are  invited  to  sub¬ 
mit  written  data,  views  and  arguments 
with  respect  to  this  ETS  and  the  sup¬ 
plementary  proposal  to  be  published 
shortly.  These  comments  must  be  post¬ 
marked  on  or  before  June  20,  1977  and 
submitted  in  quadruplicate  to  the  Docket 
Officer,  Docket  No.  H-059.  Room  S6212, 
U.S.  Depai  tment  of  Labor,  3rd  Street  and 
Constitution  Avenue,  NW.,  Washington, 
D.C.  20210.  Written  submissions  must 
clearly  identify  the  provisions  of  the  ETS 
and  the  proposal  which  are  addressed 
and  the  poslticm  taken  with  respect  to 
each  issue  therein.  The  data,  views  and 
arguments  that  are  submitted  will  be 
available  for  public  inspectkm  and  copy¬ 
ing  at  the  above  address.  All  timely 
written  sutanlssions  received  will  be  made 
a  part  of  the  record  of  this  proceeding. 

Pursuant  to  section  6(b)  (3)  of  the  Act, 
an  opportunity  to  submit  oral  testimony 
c(Micemlng  the  issues  raised  by  the  ETS 
and  the  proposed  standard,  including  the 
economic  and  envlronmmtal  impacts, 
will  be  provided  at  an  informal  public 
hearing  scheduled  to  begin  at  9:30  a.m. 
(m  July  12, 1977,  in  the  New  Department 
of  Labor  Auditorium,  New  Department  of 
Labor  Building,  3rd  Street  and  Consti¬ 
tution  Avenue.  NW.,  Washington.  D.C. 
20210. 

Notices  or  Intention  To  Appear 

All  persons  desiring  to  participate  at 
the  hearing,  must  file  in  quadruplicate  a 
notice  of  intention  to  appear,  postmaiiied 
on  on  before  June  20.  1977  with  the 
OSHA  Committee  Management  Office, 
Docket  No.  H-059.  Room  N-2635.  UJB. 
Department  of  Labw,  3rd  Sheet  and 
Constitutlm  Avenue,  NW^  Washington. 
D.C.  20210  (telephone:  (202)  523-8024). 

The  notices  of  intention  to  appear, 
which  will  be  available  for  inspection  and 
c<4>ying  at  the  OSHA  Committee  Man¬ 
agement  Office,  must  amtaln  the  follow¬ 
ing  informaticm: 

(1)  The  name,  address,  and  telephmie 
number  of  each  person  to  aniear; 


(2)  The  capacity  in  which  the  person 
will  appear; 

(3)  The  approximate  amount  of  time 
requested  for  the  presentation; 

(4)  The  specific  issues  that  will  be  ad¬ 
dressed; 

(5)  A  detailed  statement  of  the  posi¬ 
tion  that  will  be  taken  with  respect  to 
each  issue  addressed ;  and 

(6)  Whether  the  party  intends  to  sub¬ 
mit  documentary  evidence,  and  if  so,  a 
brief  summary  of  that  evidence. 

Piling  op  Testimony  and  Evidence 
Before  Hearing 

Any  party  requesting  more  than  15 
minutes  for  a  presentation  at  the  hear¬ 
ing,  or  who  will  submit  doemnentary  evi¬ 
dence.  must  provide  in  quadruplicate  the 
complete  text  of  his  testimony  including 
any  documentary  evidence  to  be  pre¬ 
sented  at  the  hearing,  to  the  OSHA 
Committee  Managemc!it  Office  where  it 
will  be  available  for  imspecticn  and  copy¬ 
ing.  This  material  must  be  received  by 
July  5,  1977.  Each  such  sub.mi.^^^sion  will 
be  reviewed  in  light  of  the  amount  of 
time  requested  in  the  notice  of  intention 
to  appear.  In  those  instances  where  the 
information  coiitanied  in  the  submission 
does  not  Justify  the  amount  of  time  re¬ 
quested.  a  more  appropriate  amount  of 
time  will  be  allocated  and  the  participant 
will  be  notified  of  that  fact. 

Any  party  who  has  not  substantially 
complied  with  this  requirement  may  be 
limited  to  a  15  minute  presentation,  and 
may  be  requested  to  return  for  ques¬ 
tioning  at  a  later  time. 

Conduct  op  Hearings 

The  hearing  will  commence  at  9:30 
a.m.  on  July  12,  1977,  with  resolution  of 
any  procedural  matters  relating  to  the 
proceeding.  The  hearing  will  be  con¬ 
ducted  in  accordance  with  29  CFR  Part 
1911.  In  view  of  the  emergency  nature  of 
this  rulemaking  proceeding,  the  hearing 
will  be  conducted  in  as  expedited  a  man¬ 
ner  as  possible,  consistent  with  a  full  de¬ 
velopment  of  the  record  and  the  rights 
of  tiie  parties. 

The  hearing  will  be  presided  ovet  by 
an  Administrative  Law  Judge  who  will 
have  all  the  powers  necessary  or  appro¬ 
priate  to  conduct  a  full  and  fair  informal 
hearing  as  provided  in  29  CTFR  Part  1911. 
Following  the  close  of  the  hearing  or  of 
any  posthearing  comment  period,  the 
presiding  Administrative  Law  Judge  will 
certify  the  record  to  the  Assistant  Secre¬ 
tary  of  Labor  for  Occupational  Safety 
'and  HealtlL  The  propo^  will  be  re¬ 
viewed  in  light  of  all  oral  and  written 
submisslmis  received  as  part  of  the  rec¬ 
ord,  and  a  st^dard  will  be  issued  based 
on  the  entire  record  in  this  inoceeding. 

Authoritt 

This  document  was  prepared  imder  the 
direction  of  Eula  Bln^am,  Assistant 
Secretary  of  Labor  for  Occupational 
Safety  and  Health,  UR.  Department  of 
Labor,  200  Constitution  Avoiue,  NW., 
Room  S-2315,  Washington,  D.C.  (202- 
523-9261). 

Accordingly,  pursuant  to  sections  6(c) 
and  8(c)  of  the  Occupatimal  Safety  and 


Health  Act  of  1970  (84  SUt  1596,  1599, 
29  UB.C.  655,  657),  the  Secretary  of 
Labor’s  Order  No.  8-'76,  and  29  CWt  Part 
1911,  Part  1910  of  Title  29  of  the  Code 
of  Federal  Regulations  is  hereby 
amended  by  adding  a  new  1  1910.1028  as 
set  forth  below.  In  addition,  pursuant  to 
secUon  4(b)  (2)  of  the  Act  (84  Stat  1592; 
29  U.S.C.  653).  the  standard  in  the  new 
S  1910.1028  is  determined  to  be  more 
effective  than  the  corresponding  stand¬ 
ards  now  in  Subpart  B  of  Part  1910,  in 
Parts  1915,  1916,  1917,  1918  and  1926  of 
Title  29,  Code  of  Federal  Regulatloas. 
Tlierefore,  these  corresponding  stand¬ 
ards  are  supcr.seded  by  the  new  standard 
In  1  1910.1028.  These  amendments  are 
effective  May  21, 1977. 

Signed  at  Washington,  D.C.,  this  29th 
day  of  April  1977. 

Eula  Bingham, 

Assistant  Secretary  of  Labor. 

Part  1910  of  Title  29  of  the  Code  of 
Federal  Regulations  is  therefore 
amended  as  follows: 

1.  A  new  S  1910  20  is  added  to  29  CFR 
Part  1910  to  read  as  follows: 

§  1910.20  Benxene. 

Section  1910.1028  shall  apply  to  the 
exposure  of  every  employee  to  benzene  in 
every  employment  and  place  of  employ¬ 
ment  covered  by  SS  1910.12,  1910.13, 
1910.14,  1910.15,  or  S  1910.16,  in  lieu  of 
any  different  standard  on  exposure  to 
benzene  which  would  otherwise  be  ap¬ 
plicable  by  virtue  of  any  of  those  sec¬ 
tions. 

§  1910.1000  [Amended] 

2.  Table  Z-2  of  1  1910.1000  is  amended 
by  adding  a  footnote  1  following  the 
words  "Benzene  (Z37.4-1969)”  and  by 
adding  the  f (blowing  below  Table  Z-2: 

Occupational  exposures  to  benzene  are 
subject  to  the  requirements  of  S  1910.- 
1028  except  as  specifically  exempted  by 
i  1910.1028(a).  Exposures  exempted  by 
S  1910.1028(a)  are  covered  by  this 
section. 

3.  Part  1910  of  Title  29  of  the  Code  of 
Federal  Regulations  is  amended  by  add¬ 
ing  thereto  a  new  i  1910.1028  to  read  as 
follows: 

§  1910.1028  Beiuene. 

(a)  Scope  and  application.  (1)  This 
section  applies  to  the  productiim,  reac¬ 
tion,  release,  packaging,  repackaging, 
storage,  transportation,  handling,  or  use 
of  benzene. 

(2)  This  section  does  not  api^:  (i)  To 
retail  automotive  service  stations;  w  (11) 
where  the  exposure  to  bensoie  is  only 
from  liquid  mixtures  containing  1  per¬ 
cent  or  less  of  benzene  by  vedume,  or  the 
vapors  released  from  these  liquids. 

(b)  Definitions.  "Assistant  Secretary" 
means  the  Assistant  Secretary  of  lAbrnr 
for  Occupational  Safety  and  Health,  or 
designee. 

“BMiEene’’  (C6H6)  (CAS  Registry  No. 
000071432) ,  means  benzene,  or  a  mixture 
of  liquids  containing  boiaene,  or  the  ben¬ 
zene  vapor  released  by  these  liquids. 
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‘'Director*'  means  the  Dlrec^r,  Na-  less  than  1  ppm.  and  monthly  for  those  (1)  f  ncrftieerfnp  confrob.  Ihe  emi^yer 
tlonal  Institute  for  Occupatlcmal  Safety  employees  whose  exposure  Is  found  to  shall  develop  and  Imidement,  as  soon  as 
and  Health.  UH.  Department  at  Health,  be  In  excess  of  the  peimissible  exposure  possible,  feasible  engineering  controls  to 
Education,  and  Welfare,  or  designee.  limit.  The  employer  shall  continue  reduce  the  airborne  concentration  of 
‘D6HA  Area  Office”  means  the  Area  monthly  measurements  until  at  least  two  bensene  to  or  below  the  permissible  ex* 
Office  of  the  Occupational  Safety  and  consecutive  measurements  taken  at  least  posure  limit. 

Health  Administration  having  jurlsdlc-  seven  (7)  days  apart  are  below  the  per-  (3)  Work  proetlees.  The  employer  shall 
tlon  over  the  geographic  area  where  the  mlsslble  exposure  limit,  and  thereafter  examine  each  work  area  In  which  ben- 
employer's  establishment  Is  located.  the  employer  shall  measure  quarterly.  sene  Is  present  aiul  shall  institute,  as 


(c)  Exposure  UnUts. — (1)  Permissible 
airborne  exposure  limits.  <1)  The  em¬ 
ployer  shall  assure  that  no  employee  is 
exposed  to  an  airborne  concentration  of 
benzene  In  excess  of  1  part  benzene  per 
million  parts  of  air  (1  ppm),  as  an  8- 
hour  time-weighted  average. 

(11)  The  employer  shall  assure  that 
no  employee  Is  exposed  to  an  aIrbcMTM 
concentration  of  benzene  in  excess  of 
5  ppm  as  averaged  over  any  15  minute 
period. 

(3)  Dermal  and  eye  exposure  Umit. 
The  employer  shall  assure  that  no  em¬ 
ployee  is  exposed  to  eye  contact  or  re¬ 
peated  skin  contact  with  benzene. 

(d)  Notifleation  of  use.  Within  30  days 
at  the  effective  date  of  this  section,  every 
employer  who  has  a  i^ace  of  employment 
where  benzene  Is  present,  shall  repent 
the  following  Information  to  the  nearest 
OBHA  area  office  for  each  such  estab¬ 
lishment: 

(1)  The  address  and  location  of  each 
establishment  where  employee  exmsure 
to  benzene  occurs; 

*(3)  A  brief  description  at  each  proc¬ 
ess  or  operation  which  may  result  in 
employee  exposure  to  benzene; 

(S)  The  number  of  employees  engaged 
In  each  process  or  operation  which  may 
result  in  exposure  to  benzene  and  an 
estimate  of  the  frequency  and  degree 
of  exposure  that  results;  and 
(4)  A  brief  descrlptkm  of  the  employee 
safety  and  health  program  as  It  relates 
to  limitation  of  emidoyee  exposure  to 
benzene. 

(e)  Exposure  nionitoring  and  meas¬ 
urement.— il)  Initial  monitoring.  (1) 
Bach  employer  who  has  a  place  of  on- 
ployment  vdiere  benzene  Is  present. 


(3)  Additional  monitoring.  Whenever 
there  has  been  a  production,  process,  or 
control  change  which  may  re^t  In  new 
or  additional  exposure  to  benrene,  or 
whenever  the  emidoyer  has  any  other 
reasem  to  siispect  a  change  which  may 
result  In  new  or  additional  exiMwures  to 
benzene,  additional  monitoring  which 
complies  with  paragraph  (e)  (1)  of  this 
section  shall  be  made. 

(4)  Employee  noUfication.  (1)  Within 
5  working  days  afto*  the  receipt  of  meas¬ 
urement  resiilts.  the  emi^oyer  shall  no¬ 
tify  each  employee  In  writing  of  the 
exposure  measurements  which  represent 
that  emiHoyee’s  exposure. 

(11)  Where  the  results  reveal  the  on- 
ployee’s  exposure  to  be  over  the  permis¬ 
sible  exposure  limit,  this  notification' 
shall  also  include  the  corrective  action 
being  tsdeen  to  reduce  exposure  to  or  be¬ 
low  the  permissible  exposure  limit. 

(5)  Accuracy  of  measurement.  Ihe 
method  of  measurement  shall  have  an 
accuracy,  to  a  confideiu^  levd  of  95  per- 
cait.  of  not  lees  than  plus  or  minus  35 
percent  for  concentrations  of  bmizene 
greater  than  or  equal  to  1  ppm. 

(6)  Employee  exposure.  For  the  pur¬ 
poses  of  this  section,  employee  exposure 
Is  that  exposure  which. would  occur  If 
the  employee  were  not  using  a  req^lraUH-. 

(f)  Methods  of  eompUanee.  The  em- 
I^yer  shall  control  emidoyee  exiiosures 
to  airborne  concentratk^  at  benaene  to 
or  below  the  permissible  exposure  limit, 
and  shall  protect  against  emidoyee  ex¬ 
posure  to  eye  or  repeated  skin  contact 
with  benzene,  by  engineering  controls, 
work  practices  and  lierzonal  protective 


soon  as  possible,  work  praetices  to  reduce 
employee  exposure  to  benzene  to  or  below 
the  permissible  exposure  limit.  The  work 
practices  shall  be  described  In  writing 
and  shall  Include,  among  other  things, 
the  following: 

(I)  Limiting  accesa  to  work  areas 
where  benzene  Is  present  to  authorized 
personnel  mily; 

(II)  Prohibiting  smoking  and  the  erm- 
sunoptlon  of  food  and  beverages  In  wwk 
areas  where  benzene  Is  present;  aiKl 

(ill)  Establishing  good  maintenance 
and  houskeeplng  Including  the  promi>t 
cleanup  of  spills,  repair  at  leaks,  etc. 

(3)  Respiratory  protection.  Whenever 
engineering  and  work  practice  controls 
which  can  be  Instituted  are  not  sufficient 
'  to  reduce  exposures  to  or  below  the  per¬ 
missible  exposure  limit,  they  shall  be  used 
nontheless  to  reduce  exposurse  to  the 
*  lowest  practicable  level,  and  shall  be  sup- 
jdemented  by  the  use  of  resplrat<Hs  In  ac¬ 
cordance  with  paragraph  (g)  of  this 
seetkm. 

(g)  Respirators. — (1)  Required  use. 
The  emidoyer  shall  assrue  that  residra- 
tors  are  used  where  required  under  this 
section  to  reduce  employee  exposure  to 
or  below  the  permlssUde  exposure  limit, 
and  In  emergrmeles. 

(3)  Respirator  selection.  (U  Where 
resplratmrs  are  required  under  this  sec¬ 
tion.  the  mudoyer  shall  sdeet  and  pro¬ 
vide  the  appropriate  respirator  from 
Table  X  below  and  shall  assure  that  the 
employee  uses  the  respirator  provided. 

(11). The  employer  shall  select  respira¬ 
tors  from  among  those  amiroved  by  the 
National  Institute  for  Oecupatkmal 
Safety  a'd  Health  under  the  provisions 


devices  and  equipment,  as  follows:  of  30  cm  Part  11. 


Tabu  I 


shall  monitor  each  such  workplace  and  nr 

w(»k  operation  to  determine  the  airborne  „ 

concentrations  of  benzene  to  which  em-  -  Coneentration  of  oenaens 
plQsrees  may  be  exposed.  This  determlna-  ^  oonOition  of  use 


tltm  shall  be  made  by  monitoring  and 
measurements  which  are  representative 
of  each  employee’s  exposure  to  benzoie 
over  an  8-hour  period. 

(11)  Each  employer,  who  has  a  place 
of  emidoyment  in  which  benaene  is  pres¬ 
ent,  shall  Inspect  each  wmkidace  and 
woric  operation  to  determine  If  any  em¬ 
ployee  may  be  exposed  to  benzene 
through  eye  contact  or  repeated  skin 
contact 

(2)  Frequency  of  monitoring.  The 


(a)  Less  than  or  squal  to  10  ppm - 

(b)  Lmb  than  or  aqual  to  M  ppm _ 

(e)  hssu  than  or  equal  to  1.000  ppm _ 

id)  Ijsss  than  or  aqual  to  8/)00  ppm... 
(a)  Laaa  than  or  equal  to  10,000  ppm _ 


(1)  Chemical  cartridge  reaptxator  with  organic 
vapor  cartrldgaa  and  half  mask;  or  (3)  Any 
BuppUed  air  respirator  with  half  meek. 

(i)  Chemical  cartridge  raepiratar  with  organic 
vapor  cartridges  and  fuU  tacepleoe:  or  (2)  Any 
supplied  air  respirator  with  full  facepisoe;  or 
(2)  Any  organic  vapor  gsa  mask;  or  (4)  Any 
a^-contained  breathing  apparatus  with  full 

(f)  Supplied  air  reapirator  with  half  mask  In 

DOSttlVtt  INTMCim  moflft. 

(i)  Supplied  air  respirator  with  fun  fscaplaoe. 

helmet  or  hood.  In  positive  praasure  mode, 
(f)  Supplied  air  req>lrator  and  auxinary  aelf- 


mcnltorlng  required  under  paragraph 
(e)  (1)  of  this  section  shall  be  conducted, 
and  the  results  obtained,  within  thirty 
days  of  the  effective  date  of  this  section  //. 
and  thmafter  repeated  quiuterly  for  ” 
employees  whose  exposure  Is  found  to  be 


contained  facepiece  In  poattive  pressufa  mode; 
or  (2)  Open  circuit  self-contained  breathing 
aKMtratua  with  fuU  facepiece  In  poalttve  pres¬ 
sure  mode. 

(!)  Any  organic  vapor  gas  mask;  or  (2)  Any  aelf- 
oontalned  breathbig  apparatua  with  fun  face¬ 
piece. 
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(3)  Rapirator  program,  llie  employer 
shall  Institute  a  respiratory  protection 
program  in  accordance  with  i  1910.134 

(b).  (d),  (e)  and  <f). 

(4)  Where  air>purifying  respirators 
are  used  (cartridge,  canister  or  gas 
mask),  the  air-purifying  canisters  or 
cartridges  shall  be  replaced  prior  to  the 
expiration  of  their  service  life  or  the  end 
at  the  shift  in  which  they  are  first  iised, 
adiichever  occurs  first. 

(h)  Protective  clothing  and  equip¬ 
ment.  Where  eye  or  repeat^  skin  c<m- 
tact  with  liquid  benzene  may  occur,  em¬ 
ployers  shall  provide  and  assure  that 
employees  wear  Impermeable  protective 
clothing  and  appropriate  equipment  to 
protect  the  area  of  the  bo^  likely  to 
come  in  contact  with  liquid  benzene. 

(1)  Medical  surveillance.  (1)  Each  em¬ 
ployer  shall  make  available  a  medical 
surveillance  program  for  all  emi^yees 
who  are  or  will  be  exposed  to  benz^e. 
The  medical  surveillance  program  dudl 
consist  <rf: 

(1)  A  history  which  includes  pest  work 
exposures  to  benzene  or  any  other  hema¬ 
tologic  toxins,  a  family  history  of  hema- 
tologicid  neoplasms,  a  history  of  blood 
fiyscrasias  including  genetically  related 
hemoglobin  alterations,  bleeding  abnor¬ 
malities,  abnormal  function  of  formed 
blood  elements,  a  history  of  renal  <»-  liver 
dysfunction,  a  history  of  drugs  routinely 
taken,  alccriiolic  intake  and  systemic  In¬ 
fections; 

(ii)  A  complete  blood  count  including 
a  differential  vhlte  blood  cell  count;  and 

(iii)  Additional  tests  shall  be  con¬ 
ducted  where,  in  the  opinion  of  the  ex¬ 
amining  physician,  alterations  in  the 
oompcHiKits  of  the  blood  are  related  to 
benzene  exposing. 

(2)  All  medical  procedures  shall  be 
I>erformed  by  or  under  the  supervision 
of  a  licensed  idiysiclan,  and  shall  be  pro¬ 
vided  by  the  employer  without  cost  to 
the  enidoyee. 

(3)  Mescal  surveillance  and  testing 
oS  each  employee  shall  be  conducted 
within  thirty  days  of  the  effective  date* 
of  this  section,  and  quarterly  thereafter. 
If  an  employee  is  accidently  or  otherwise 
exposed  to  benzene  by  ingestion,  inhala- 
ticm,  skin  or  eye  contact,  or  for  any 
reason,  an  employee  devdops  signs  and 
symptoms  commonly  associated  with  ex¬ 
posure  to  benzene,  the  employer  shall 
provide  appropriate  medical  examliui- 
tions  and  emergoocy  treatment. 

(4)  Information  prodded  to  the  physi¬ 
cian.  Ihe  employer  shall  provide  the  fd- 
lowing  InfCHTnation  to  the  examining 
physician: 

(i)  A  copy  of  this  regulatim  and  its 
appendixes; 

(ii)  A  description  the  affected  em¬ 
ployee’s  duties  as  they  relate  to  the  em¬ 
ployee’s  exposure; 

(ill)  The  employee’s  representative  ex¬ 
posure  level;  and 

(tv)  A  description  of  any  personal  pro¬ 
tective  equipment  used  cm*  to  be  used. 

(5)  Physician’s  written  opinion.  (D 
Ihe  employer  shall  pbtain  a  written 
opinion  from  the  exunlnlng  physician 
which  shall  Include: 


(a)  ’Ihe  results  of  the  medical  test¬ 
ing; 

(b)  ’Ihe  i^sician’s  opinion  as  to 
whether  the  employee  has  any  detected 
medical  condition  which  would  place  the 
employee  at  increased  risk  of  material 
Impairment  of  the  employee’s  health 
from  exposure  to  benzene; 

(c)  Any  recommend^  limitations 
upon  the  employee’s  exposure  to  ben¬ 
zene  or  upon  the  use  of  protective  cloth¬ 
ing  and  equlixnent  such  as  respirators; 
and 

(d)  A  statement  that  the  employee  has 
been  Informed  by  the  idiysiclan  of  any 
medical  conditions  which  require  further 
examination  or  treatment. 

(ii)  ’The  employer  shall  instruct  the 
I^ysician  not  to  reveal  in  the  written 
op^cm  specific  findings  or  diagnoses  un¬ 
related  to  occupational  exposure. 

(J)  Employee  information  and  train¬ 
ing. — (1)  Training  program.  Within  fif¬ 
teen  days  of  the  effective  date  of  this  sec¬ 
tion,  the  employer  shall  provide  a  train¬ 
ing  program  for  employees  assigned  to 
workplace  areas  vdiere  benzene  is  present 
and  shall  assure  that  each  affected  em¬ 
ployee  is  informed  of  the  following: 

(1)  The  tnformaticm  contained  in  the 
substance  data  sheet  for  benzene  which 
is  ccmtalned  in  Appendix  A  of  this  sec- 
ti<Mi; 

(ii)  The  quantity,  location,  manner  of 
use,  release  or  storage  of  benzene  and 
the  specific  nature  of  operations  which 
coiild  result  in  exposure  above  the  per¬ 
missible  exposure  limit,  as  well  as  nec¬ 
essary  protective  steps; 

(ill)  ’The  purpose,  proper  use,  and  lim¬ 
itation  of  re^iratory  devices  as  specified 
in  1 1910.134; 

(Iv)  The  purpose  and  a  description  of 
the  medical  testing  program  required  by 
paragraph  (1)  of  this  section  and  the 
Informaticm  contained  in  Api>endix  C 
of  this  section;  and 

(V)  ’The  contents  of  this  standard. 

(2)  Access  to  training  materials,  (i) 
The  employer  shall  make  a  copy  of  this 
standard  and  its  appendixes  readily 
available  to  all  affected  employees. 

(ii)  The  employer  shall  provide,  upw 
request,  all  materials  relating  to  the  em¬ 
ployee  information  and  training  program 
to  the  Assistant  Secretary  and  the  Di¬ 
rector. 

(k)  Signs.  (1)  The  employer  shall  post 
signs  to  clearly  designate  all  work  areas 
where  benzene  may  be  present,  bearing 
the  legend: 

DANOBR 
BENZE^fE 
CANCER  HAZARD 

(2)  Where  the  permissible  exposure 
limit  Is  exceeded,  the  signs  shall  also  in¬ 
clude  the  legend:  Respirator  required. 

(3)  The  employer  shall  assiue  that  no 
statement  appear  on  or  near  any  re¬ 
quired  sign  which  contradicts  or  detracts 
frcMn  the  required  information. 

(l)  Recordkeeping. — (1)  Exposure 
measurements.  The  onployer  shall  estab¬ 
lish  and  maintain  an  accurate  record  of 
ell  measurements  required  by  paragraph 

(e)  of  this  section. 


(1)  This  record  shall  include: 

(a)  ’The  dates,  number,  duration  and 
results  of  each  of  the  samples  taken, 
including  a  description  of  the  sampling 
procediue  used  to  determine  representa¬ 
tive  employee  exposures; 

(b)  A  description  of  the  sampling  and 
analytical  methods  used; 

(c)  Type  of  respiratory  protective  de¬ 
vices  worn,  if  any;  and 

(d)  Name,  social  security  number,  and 
job  classification  of  the  employee  moni¬ 
tored  and  all  other  employees  whose  ex¬ 
posure  the  measurement  is  Intended  to 
represent. 

(ii)  This  record  shall  be  maintained 
during  the  effective  period  of  this  section. 

(2)  Medical  surveillance.  The  employer 
shall  establish  and  maintain  an  accurate 
record  for  each  employee  subject  to  med¬ 
ical  surveillance  as  required  by  para¬ 
graph  (i)  of  this  section. 

(1)  This  record  shall  include; 

(a)  A  copy  of  the  physician’s  written 
opinion; 

(b)  Any  employee  medical  complaints 
related  to  exposure  to  benzene;  and 

(c)  A  copy  of  the  information  pro¬ 
vided  to  the  physician  as  required  by 
paragraph  (1)  (4)  of  this  sectlmi; 

(ii)  TTils  record  shsdl  be  maintained 
•  during  the  effective  period  of  this  section. 

(3)  Availability,  (i)  ~A11  records  re¬ 
quired  to  be  maintained  by  this  section 
shall  be  made  available  upon  request  to 
the  Assistant  Secretary  and  the  Director 
for  examination  and  copying. 

(11)  Employee  exposure  measurement 
records  as  reculred  by  this  section  shall 
be  msule  available  for  examination  and 
copying  to  affected  employees,  and  their 
designated  r^resentatives. 

(ill)  Former  employees  and  the  em¬ 
ployees’  designated  r^resentatlves  shall 
have  access  to  such  records  as  will  in¬ 
dicate  their  own  exposure  to  benzene. 

(Iv)  Employee  medical  records  re¬ 
quired  to  be  maintained  by  this  section 
shall  be  made  available  upon  request 
for  examination  smd  copying  to  a  physi¬ 
cian  designated  by  the  affected  em¬ 
ployee  or  former  employee. 

(m)  Observation  of  monitoring. — (1) 
Employee  observation.  ’The  employer 
shall  provide  affected  employees,  or  their 
designated  representatives,  an  opportu¬ 
nity  to  observe  any  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzene 
conducted  pursuant  to  paragraph  (e)  of 
this  section. 

(2)  Observation  procedures,  (i)  When 
observati<m  of  the  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzole 
requires  entiy  into  an  area  where  the 
use  of  protective  clothing  and  equip¬ 
ment  (M*  respirators  is  required,  the  em¬ 
ployer  shall  provide  the  observer  with 
personal  protective  devices  required  to 
be  worn  by  employees  working  in  the 
area,  assure  the  use  of  such  equipment, 
and  require  the  observer  to  comply  with 
all  other  ai^csdile  safety  and  health 
procedures. 

(ii)  Without  Interfering  with  the 
measurement,  observers  shall  be  entitled 
to: 
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(a)  Receive  »n  exitenaUon  of  ttie 
measurement  iwocedures:  . 

(b)  Observe  all  steps  related  to  the 

measurement  of  alrbwne  cancentrattons 
of  performed  at  the  place  of  ex¬ 

posure;  and 

(e)  Record  the  results  obtained. 

(n)  Effective  date:  This  section  shall 
become  effective  ICay  21, 1977. 

(o)  Appendixes.  TTie  information  con¬ 
tained  in  the  appendlxesTs  not  Intended, 
by  Itself,  to  create  any  addltlcmal  obliga¬ 
tions  not  otherwise  Imposed  or  to  detract 
from  any  existing  obligation. 

Z.  SUMTAirCX  IDKMYiriCATXOM  « 

AmHOXX  A — SOMTAMCB  SArRT  DATA  SlUBT 
■BMSBOT 

A.  Substance.  Bensene. 

B.  Permissible  Mxposurm.  Bxoept  u  to  rataU 
SAAoUne  aUUods  and  operatkMW  which  use 
liquids  containing  hensene  In  amounts 
greater  than  1%  by  eolume,  or  the  benaene 
vmpor  released  by  any  sxich  liquids. 

e.  Airborne.  1  part  of  bensene  e^»or  per 
million  paru  of  air  (1  ppm);  tlme-wal^tad 
average  (TWA)  f(«  an  8-bour  workday  for 
a  40-hour  week,  with  a  ceUlng  concentration 
of  5  ppm. 

a.  Dermal.  Kye  contact  and  repeated  akin 
contact  with  ^uld  bensene  shall  be  pro¬ 
hibited. 

C.  Appearance  and  odor.  Benaene  U  a  clear, 
oolorleas  Uquld  with  a  pleasant,  sweet  odor. 
The  odor  of  benaene  does  not  provide  ade¬ 
quate  warning  of  its  haraard. 

n.  BBALTH  HASAin  DATA 

A.  Ways  in  which  the  bensene  ageets  pour 
health.  Benaene  can  affect  your  health  If  you 
Inhale  It.  or  If  It  comes  In  contact  with  your 
skin  or  eyes.  Benseiw  may  also  be  harmful 
If  you  happen  to  swallow  It. 

B.  Sgects  0/  overexposure.  1.  Short-term 
(acute)  overexposure:  If  you  are  overex¬ 
posed  to  high  oonoentratlons  of  bensene. 
weU  above  the  leveU  where  Its  odors  are 
flret  reoognlaable,  you  may  feel  breathleao. 
Irritable,  euphoric,  or  giddy:  you  may  ea- 
perlMkoe  Irritation  In  eyes,  nose,  and  tespixn- 
tory  tract.  Tou  may  devrtop  a  headache, 
feel  dlsay.  nauseous,  or  experlenoe  uneteadl- 
ness  In  walking.  Severe  exposures  may  lead 
to  convuMons. 

a.  Long-term  (ohronlo)  exposure:  Be- 
peated  and  prolonged  OKposure  of  benaene 
may  oause  headache,  fatigue,  exhaustion., 
tendency  to  bleed,  narvousnees,  eleeplees- 
nesa,  shortness  of  breath,  and  entous  blood 
dlsordera.  Including  leukemia, 
m.  rauiaciua  clotbimo  add  numcxirr 

A.  Mespirators.  Beeplrators  ore  required  for 
those  operations  In  which  engineering  oon- 
troia  or  work  practloe  eontroU  are  not  avail¬ 
able  to  reduce  exposure  to  the  permissible 
level.  If  reeplratots  are  erom.  they  must  have 
a  Natkmal  IneUtute  for  Oooupatlonal  Safety 
and  Health  (NI06H)  seal  of  approval.  If  you 
saperlenoe  dUBculty  breathing  while  wear¬ 
ing  a  reeplrator.  Ml  your  eniplnyer. 

B.  Protective  Clothtnp.  Tou  must  wear  hn- 
pervloaa  protective  clothing  (sueh  as  boota, 
gloves,  sleeves,  aprons,  ate.)  over  any  parts 
ot  your  body  that  oonld  be  repeatedly  ex- 
poeed  to  liquid  benaene. 

O.  ffps  sad  Fees  Protection.  Tou  must 
wear  iplash  proof  eafety  goggles  If  It  Is 
possible  that  benaeiM  may  get  Into  your 
eyea.  In  addition,  you  should  wear  a  face 
shield  If  your  face  could  be  eploshed  with 
benaene  liquid. 


IT.  BKXaSBMCT  AMD  nxsT  Am  raocxDoxxs 

A.  Spe  and  face  exposure.  If  benaene  Is 
splashed  In  your  eyes,  wash  It  out  Immedi¬ 
ately  with  largo  amounts  of  water.  Call  a 
doctor  as  soon  as  possible. 

B.  Skin  exposure.  If  benaene  Is  spilled  on 
your  clothing  or  skin.  renMve  the  oon- 
tsunlnated  clotnlng  and  wash  the  eaposed 
skin  with  large  amounts  of  water  and  soap 
ImmsdlaMy.  Wash  contaminated  clothing 
before  you  wear  It  again. 

O.  Breathing.  If  you  or  any  other  person 
breatbee  In  large  amounts  of  benaene,  get 
the  exposed  person  to  fteeh'  air  at  once. 
Apply  artUlclal  respiration  If  breathing  has 
stopped.  Call  a  doctor  as  soon  as  possible. 

D.  SwalUnctng.  If  benaene  has  been  swal¬ 
lowed  and  the  patient  la  conscious,  do  not 
Induce  vomiting.  OaU  a  doctor  ImmsdlaMy. 

V.  MiniCAL  BBQonsMxins 

If  you  are  exposed  to  benaene  your  em¬ 
ployer  ta  required  to  provide  the  following 
medical  procedures  within  thirty  days  of  the 
effective  date  of  this  standard,  consisting  ot 
a  medical  history  and  laboratory  tests.  These 
teste  shall  be  provided  without  cost  to  you. 

vn.  oassBVATioN  or  MONiroaiNS 

Tour  employer  le  required  to  perform 
measurenMnts  that  are  -  representative  of 
your  exposure  to  benaene  and  you  are  en- 
tlUed  to  observe  the  monitoring  procedure. 
Tou  are  enUUed  to  receive  an  explanation 
of  the  measurement  procedure,  observe  the 
steps  taken  In  the  measurement  procedure, 
and  to  record  the  results  obtained.  When  the 
monitoring  procedure  Is  taking  place  In  an 
area  where  respirators  or  personal  protecUve 
clothing  and  eqiilpment  are  required  to  be 
worn,  you  must  alw  be  provided  with,  and 
must  wear  the  protective  clothing  and 
equipment. 

vm.  AOCXSS  TO  BBOOBDS 

Tou  or  your  representative  are  entitled  to 
see  the  records  of  meaeurementt  of  your  ex¬ 
posure  to  benaene  upon  request  to  your  em¬ 
ployer.  Tour  medical  examination  records 
can  be  fumisbed  to  your  physician  upon  re¬ 
quest  to  your  employer. 

IX.  paacAunoNs  vox  oArs  oss,  mamduns  and 

STOaSSB 

Bensene  liquid  is  AigAly  ptmmable.  It 
should  be  stored  In  tlghUy  dosed  oontalnere 
in  a  oool.  weU  ventilated  area.  Benaene  vapor 
may  form  explosive  mixtures  In  air.  All 
sources  of  Ignition  must  be  oontroUed.  Ton 
should  use  non-sparklhg  tools  when  opening 
or  closing  benaene  containers.  Tou  must 
ground  or  bond  meM  benaene  containers. 
Fire  extlngulehers,  where  provided,  must  be 
readily  avallabU  and  you  should  know  where 
they  are  located  and  bow  to  operate  them. 
*»wwtng  Is  prohibited  In  areas  where  ben¬ 
aene  la  used  or  stored.  Ask  your  superxlsor 
where  benaene  Is  used  on  your  work  area  and 
for  additional  plant  safety  rules. 

AmuiDix  B— SuasTAMCx  TXchmkal 
OUXSBUMXS 

sawssMS 

I.  PHTSSCAI.  AMD  CltSMirAt  DATA 

A.  Substance  Identification 
1.  Spnonpms.  Benaol.  benaole.  coal  naptha, 

cyclohexatrlene,  phsxM.  phenyl  hydride,  py- 
robenaol.  (Benaln.  petroleum  bensln,  and 
benxtne.  do  not  oontaln  benaene) . 

S.  Formate.  OgHfi  (CAB  Beglstry  Number: 
00007I4M)  ' 

B.  Physical  Data 

1.  Boiling  point  (7W  mm  Hg):  80.1  O 
(ITBP). 


X.  Speclfio  Gravity  (waters  1)  :0B78. 

8.  Vapor  Density  (atr=l)‘:1.7. 

4.  Melting  Point:  8/8  C  (4aP) . 

5.  Vapor  Pleasure  at  80  O  (8^  :78  mm  Bg. 

6.  Solubility  In  Water:  fi8%. 

7.  Bvaporatlon  Rate  (etber=l)  :Xfi. 

A  Appearance  and  Odor:  Clear,  oolorlese 
liquid  with  a  dlstlncttve  sweet  odor, 
n.  nax,  xxnoaioN  amo  BxscnvirT  hasasd 

DATA 

A.  Fire.  1.  Flash  Point  (dosed  cup) :  -11  O 

(ISF).  ^ 

а.  Autolgnltlon  Temperature:  880  C 
(1078F). 

3.  Flanunable  limlte  In  Ahr,  %  by  Volume: 
Lower:  18%  Upper:  7.1%. 

4.  Bxtlngulshlng  Media:  Carbon  dioxide, 
dry  cb^iBlc^.  oc  foMU. 

б.  Speolal  Fire-Fighttng  Procedures:  Do  not 
use  solid  stream  of  water,  since  stream  will 
scatter  and  spread  fire.  Water  ^way  can  be 
used  to  keep  fire  exposed  oontalnars  cool. 

8.  Unusual  fire  and  explosion  baoards: 
Benaene  Is  a  flammable  liquid.  Its  vapors 
can  form  explosive  mixtures  All  Ignition 
sources  must  be  controlled  when  benaene 
la  uasd.  handled,  or  stared.  Where  liquid  or 
viq^  may  be  released,  such  areas  shaU  be 
considered  as  haaardoua  locatkma.  Benaene 
vapors  are  heavier  than  air;  thus  the  vetoes 
may  travel  along  the  grouiid  and  be  Ignited 
by  open  flames  or  sparks  at  looattons  remote 
from  the  site  at  which  benaene  Is  handled. 

7.  Benaene  le  clasalflert  as  a  1  B  flammable 
liquid  for  the  purpose  of  conforming  to  the 
requlremenU  of  88  CFR  IfllO.KM.  A  conoMi- 
tratton  exceeding  3880  ppm  Is  considered  a 
potential  Are  or  explosion  baoard.  Locations 
where  benaene  may  be  present  In  quantities 
sufllciont  to  produce  explosive  or  Ignltable 
mixtures  ore  considered  Class  1  Group  D  for 
the  purposes  of  conforming  to  the  require¬ 
ment  of  88  CFR  1810808. 

B.  Meacttvttp.  1.  Conditions  contributing 
to  Instability:  Heat. 

8.  InoompattbUlty:  Heat  and  oxidising 
materials. 

3.  Haaardoua  decomposition  produets: 
Toxic  gases  and  vapors  (suoh  as  carbon 
monoxide). 

m.'  wrxu.  AMD  LXAX  rnocxDuaBB 

A.  Steps  to  be  taken  if  the  material  to  re¬ 
leased  or  spilled.  Large  amounto  of  water 
shoqld  be  used  to  Bush  tbs  spills.  Do  not 
fiuMi  benaene  Into  confined  qmoe.  such  os 
a  sewer,  beoauee  of  exploelan  danger.  Re¬ 
move  all  Ignition  eources.  VantOato  encloeed 
places. 

B.  Waste  Disposal  Method.  Dlepoeal  meth¬ 

ods  must  conform  to  other  Jurlsdletlooal 
regulattons.  If  aUowed.  benaene  may  fie  dis¬ 
posed  of:  (a)  By  abaorblng  It  In  dry  eand  or 
earth  and  In  a  sanitary  land  fill; 

(b)  U  siinAii  quantltlse.  by  removing  It  to  a 
safe  location  from  buUdl^  or  other  oom- 
bustlbla  sources,  pouring  It  in  dry  sand  or 
earth  and  cautloasly  Igniting  It:  (e)  If  large 
quantltlse.  by  atomising  It  In  a  suitable 
combustion  chamber. 

IV.  MOMITOaiMa  AMD  MXASmmMXMT 
reoosBPSss 

A.^Ronnal  Monitoring  Program:  Measure¬ 
ments  tgOt"  for  the  purpom  of  determining 
employee  exposure  are  best  taken  snob  that 
the  repreeenttve  average  8-honr  exposure 
may  be  determined  from  a  single  8-bonr 
sample  or  two  (8)  4-bour  eamplee  Bhort- 
tiiTv  Interval  samfjes  (or  grab  samplos)  may 
also  be  mod  to  determine  average  exposure, 
level  If  a  of  five  (8)  measurements 

to  In  a  random  manner  over  tha  8-hour 
work  ohm.  Random  sampling  msaiM  that 
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•ny  portion  of  the  work  shift  has  the  same 
chance  of  being  eampletf  as  any  other.  The 
arithmetic  average  of  all  such  random 
samples  taken  on  one  (1)  work  shift  la  an 
estimate  of  an  employee's  average  level^  of 
exposure  for  that  work  shift.  MIOSH  recom¬ 
mends  that  samples  be  collected  at  a  sam¬ 
pling  rate  of  one  liter  per  minute  for  a  mini¬ 
mum  of  two  hours.  Air  samples  should  be 
taken  In  the  employee's  breathlQg  eone  (air 
that  would  nearly  represent  that  Inhaled  by 
the  employee).  Sampling  and  analysts  should 
be  performed  by  gas  absorption  tubes  with 
subsequent  chemical  analysis,  by  gas 
chromatography  of  those  areas  most  likely 
to  represent  the  highest  airborne  concen¬ 
tration  of  benzene  where  employees  are 
exposed.  Methods  meeting  the  prescribed 
accuracy  and  precision  requirements  are 
available  In  the  "NIOSH  Manual  of  Analyt¬ 
ical  Methods." 

V.  IfBKXIXAHXOUS  FBECAOTIONS 

A.  High  Exposures  to  benzene  can  occur 
when  transferring  the  liquid  from  one  con¬ 
tainer  to  another.  Such  operations  should  be 
well  ventilated  and  good  work  practices 
should  be  established  to  avoid  spills. 

B.  Non-sparking  tools  should  be  used  to 
open  benzene  containers  zdilch  should  be 
effectively  grounded  and  bonded  prior  to 
opening  and  pouring. 

C.  Employers  should  advise  employees  of 
all  plant  areas  and  operations  where  ex¬ 
posure  to  bennne  could  occur.  A  few  of  the 
common  operations  In  which  high  exposures 
to  benzene  may  be  encountered  are;  manu¬ 
facture  of  styrene,  phenol,  cyclohexane,  pes¬ 
ticides.  and  detergents. 

Appendix  C — ^Medical  8uaTxiu.ANCE 
Guidelines  pox  Benzene 

I.  EOUTE  op  BfTBT 

.  Inhalation;  possible  skin  absorption. 

n.  TOXIOOLOOT 

Benzene  Is  primarily  an  Inhalation  haz¬ 
ard.  Systemic  absorptltm  cause  depreesion  of 
the  hematopoietic  system.  Inhalation  of  high 
concentrations  can  affect  the  central  nerv¬ 
ous  system  function.  Aspiration  of  small 
amounts  of  liquid  benzene  Immediately 
causes  pulmonary  edema  and  hemorrhage  of 
pulmonary  tissue.  Skin  absorption  through 
Intact  skin  Is  negligible.  However,  absorp¬ 
tion  will  be  accelerated  In  the  case  of  In¬ 
jured  skin,  and  benzene  may  be  more  readily 
absorbed  If  It  Is  present  In  a  mixture  or  as 
a  contaminate  In  solvents  which  are  readily 
absorbed.  Defatting  action  of  benzene  may 
produce  primary  Irritation  ty>on  repeated  or 
prolonged  contact  with  the  skin.  High  coa- 
centratlons  are  Irritating  to  the  mucous 
membranes  of  the  eyes,  nose,  and  respiratory 
tract. 


m.  SIGNS  AND  STMPTOMB 

Benzene  Is  poorly  absorbed  through  the 
skin,  however,  direct  contact  mqy  cause 
erythema  or  blistering.  Repeated  or  pro¬ 
longed  contact  may  result  in  drying,  scaling, 
dermatitis,  or  precipitate  development  of 
secondary  skin  Infections.  Local  effects  of 
benzene  vapor  or  liquid  on  the  eye  are  slight. 
Only  at  very  high  concentrations  Is  there 
any  smarting  sensation  In  the  eye.  Droplet 
contamination  of  the  eye  by  benzene  causes 
a  moderate  burning  sensation,  but  only 
slight  transient  Injury  of  the  epithelial  cell, 
with  the  eye  recovering  rapidly.  Inhalation 
of  high  concentrations  of  benzene  may  have 
an  Initial  stimulatory  effect  on  the  central 
nervous  system  characterized  by  exhilaration, 
nervous  excitation,  and/or  giddiness,  fol¬ 
lowed  by  a  period  of  depression,  drowsiness, 
fatigue,  or  vertigo.  There  may  be  sensation 
of  tightness  In  the  chest  accompanied  by 
breathlessness  and  ultimately  the  victim 
may  loee  consciousness.  Convulsions  and 
tremors  occur  frequently,  and  death  may 
follow  from  respiratory  paralysis  or  circula¬ 
tory  collapse  In  a  few  minutes  to  several 
hours  following  severe  exposures.  The  Insid¬ 
ious  and  often  Irreversible  effect  on  the 
blood-forming  system  of  prolonged  exposure 
to  small  quantities  of  benzene  vapor  Is  of 
extreme  Importance.  These  effects  have  been 
noted  to  occur  at  concentrations  of  benzene 
which  may  not  cause  Irritation  of  mucous 
membranes,  or  any  unpleasant  sensory  ef¬ 
fects.  Early  signs  and  symptoms  of  benzene 
morbidity  are  varied  and  vague,  and  not 
specific  for  benzene  exposure.  Subjective 
complaints  of  headache,  dlzzlnees,  and  loss 
of  appetite  may  precede  or  procede  clinical 
symptomology.  Bleeding  from  the  noee, 
gums,  or  mucoiu  membranes  and  the  devel¬ 
opment  of  purpuric  spots  may  occur  as  the 
condition  progresses.  Rapid  pulse  and  low 
blood  pressure  In  addition  to  a  physical  ap¬ 
pearance  of  anemia  may  accompany  a  sub¬ 
jective  complaint  of  shortness  eff  breath. 
Clinical  evidence  of  leucopenia  and  anemia 
are  the  most  common  abnormalities  re¬ 
ported,  however,  macrocytoels  and  thrombo¬ 
cytopenia  are  also  frequently  present.  Bone 
marrow  may  appear  normal,  aplastic,  or  hy¬ 
perplastic  and  may  not  In  all  situations  cor¬ 
relate  with  per4»heral  blood  findings  indi¬ 
cating  hypo-hyper-actlvlty  of  blood  fpimlng 
tissues.  There  are  great  variations  In'  the 
susceptibility  to  benzene  morbidity  which 
prohibits  the  identification  of  "typical" 
blood  picture.  Itie  effects  of  prolonged  ben¬ 
zene  expoeure  may  appear  after  several 
weeks  or  years  after  the  actual  exposure  has 
ceased.  Development  of  leukemia  also  re¬ 
sults  from  exposure  to  benzene. 

SV.  TEEATMENT 

Remove  from  exposure  ImmetUately,  give 
oxygen  or  artificial  reeuecltation  If  Indicated. 
Plush  eyes  and>  wash  oontamlnated  akin. 


Symptoms  of  non-specific  nervous  disturb¬ 
ances  may  persist  following  severe  exposures. 
Recovery  from  *  mild  exposuree  la  usually 
rapid  and  complete. 

V.  BUaVElLLANCE  AND  PEEVENtTVE 
CONSmSEATIONS 

A.  Other  cotuklerationt.  Benzene  can  cause 
both  acute  and  chronic  effects.  0t  la  Impor¬ 
tant  that  the  physician  become  familiar  with 
the  operating  conditions  In  which  exposure 
to  benzene  occurs.  Those  with  skin  disease 
may  not  tolerate  the  wearing  of  protective 
clothing  and  those  with  chronic  respiratory 
disease  may  not  tolerate  the  wearing  of  nega¬ 
tive  pressure  respirators. 

B.  Surveiltunce  and  tcreening.  Medical  hls- 
tartes  and  laboratory  examinations  are  re¬ 
quired  for  each  employee  subject  to  exposure 
to  benzene.  The  employer  must  screen  em¬ 
ployees  for  history  of  certain  medical  condi¬ 
tions  (listed  below)  which  might  place  the 
employee  at  Increased  risk  from  expoeure. 

1.  Liver  disease.  The  prlnmry  site  of  bio- 
transformation  and  detoxification  of  benzene 
Is  the  liver.  Liver  dysfunctions  likely  to  In¬ 
hibit  the  conjugation  reactions  will  tend  to 
promote  the  toxic  actions  of  benzene.  These 
precautions  should  be  considered  before  ex¬ 
posing  persons  with  Impaired  liver  function 
to  .benzene  vapors. 

3.  Renal  disease.  Although  benzene  la  not 
known  as  a  kidney  toxm  the  importance  of 
the  organ  In  the  elimination  of  toxic  sub¬ 
stances  and  metabolites  justifies  special  con¬ 
sideration  In  those  with  possible  Impairment 
of  renal  function. 

3.  SJdn  disease.  Benzene  Is  R  defatting 
agent  and  can  cause  dermatitis  on  prolonged 
exposure.  Persons  with  preexisting  akin  dis¬ 
orders  may  be  more  susceptible  to  the  effects 
of  benzene. 

4.  Blood  di/scrasias.  Benzene  la  a  hema¬ 
topoietic  depressant.  Persons  with  existing 
blood  disorders  may  be  more  susceptible  to 
the  effects  of  benzene. 
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(Secs.  4,  6,  si  64  SUt.  1693,  1609  (39  UB.C. 
663,  666,  667) ;  Secretary  of  LaborV  Order  8-78 
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P 

(FR  DOC.77-149S6  Filed  6-26-77; 8:46  am] 


FEDHAL  REGISTER,  VOL  42,  NO.  103— FRIDAY,  MAY  27,  1977 


